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INTRODUCTION 
The ability of some crops to respond to sodium fertiliza­
tion has long been known, although the conditions under v^hich 
responses are obtained are not at all understood. It was 
soon learned that sodium seemed more effective in increasing 
crop yields when potassium was deficient in the nutrient media. 
However, this appeared to vary with the crop concerned. There 
is now considerable evidence that sodium oan be of benefit to 
some plants in the presence of optimum supplies of potassium. 
Other crops respond to sodium additions only when potassium 
is deficient, and still others are not 8.ble to use sodiiarn 
under any conditions. Not enough data are available, however, 
to allow classification of the principal field crops into the 
above groupings. Neither are much data available on the rel­
ative response of different crops under various soil conditions. 
An apparently neglected point in sodium-plant relations 
has been the soil ras-ctiona. No doubt the small amounts of 
sodium present in the replaceable form in soils and the ana­
lytical difficulties in making accurate sodium determinations 
ha.ve discouraged many research workers. In many respects 
sodium acts similar to pota,ssium both in the plant and in the 
soil. Both sodium and potassium are found in rather small 
quantities in replaceable form in the soil; yet, some plants 
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absorb rather large amounts of sodium as well as potassium. 
Obviously a conversion of nonreplaceable sodium and potassium 
to replaceable forms must take place or else the available 
supplies would soon be exhausted. This has been shown to be 
true for potassium but the relations have not been explored 
for sodium. If sodium is present in relatively large amounts 
in the replaceable form or can be converted to the replaceable 
form rather rapidly, it seems likely that sodium may greatly 
alter the potassium needs of some plants. The response of 
crops to potassium fertilization on soils low in replaceable 
potassium would then depend on the crops* ability to substi­
tute sodium for a part of its potassium needs. 
The purpose of this investigation was to study the chem­
istry of sodium in soils and to relate the results obtained 
to the response of several crops to sodium and potassium fer­
tilization. 
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REVIEW OF LITERATURE 
The Amounts of Replaceable Sodium in Midwestern Soils 
The replaceable sodium contained in the soils of the 
humid region has received little attention. This has probably 
been due to three factors, namely (a) the very small amounts 
of replaceable sodium in soils having good external and in­
ternal drainage, (b) the difficulty with which small amounts 
of sodium are determined, and (c) the lack of evidence of any 
great importance of small amounts of replaceable sodium in 
soils. Peech (45)^ suggests that perhaps the primary reason 
for the neglect in determining replaceable sodium in most soil 
fertility studies has been analytical difficulties v/hich are 
accentuated by the universal presence of sodium impurities even 
in the best of analytical reagents. 
The only published data on the replaceable sodium content 
of Iowa soils are those of Bower and Pierre (8). The Harpster 
soils of north central Iowa were found to contain about 0.30 
M.E. per 100 grams in the surface horizon and a Webster soil 
a somewhat larger amount. 
Bov/er (7) made a number of analyses on soils of humid 
regions and found the replaceable sodium values to average 
about 0.2 M.E. per 100 grams. 
^Figures in parenthesis refer to literature cited. 
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Attoe and Truog (4) analyzed a number of soils from 
Wisconsin and found an average of 0.13 M.E. per 100 grams 
present. Their data indicate that cropped soils have nearly 
as much replaceable sodium as virgin samples although the 
virgin soils contained significantly greater amounts of re­
placeable potassium than did the cropped soils. Not enough 
samples were analyzed, however, to draw any general conclusions. 
Smith (54) in a study of four soils from southern Illinois 
found from 0.13 to 0.23 M.E. per 100 grams of replaceable 
sodium in the surface horizons but imich larger amounts in 
lower horizons. These analyses were made on the highly de­
veloped Putnam a.nd Cowden soils and on two associated slick 
spots. Vihiteeide and Marshall (65) also examined the Cowden 
a.nd Putnam profiles and also found large amounts of replace­
able sodium in the lower horizons and very little in the sur­
face. 
Data from Nebraska soils (34) developed in the chernozem 
and chestnut regions indicate they contain from 0.32 to 0.64 
M.E. per 100 grams in the surface soil with slightly more in 
lower horizons. 
From these limited data it appears that sodium is not 
contained in very large amounts in the surface horizons of 
midwestern soils and that the amounts found in the lower hori­
zons depend on the internal drainage of the particular soil 
examined. 
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The Release of Nonreplaoeable Sodium to Replaceable Forma 
It has been, long recognized that the weathering of pri-
many minerals in soils increases the amount of cations in the 
replaceable form and that these cations are then available to 
plants. A grea.t deal of evidence has been accumulated on the 
release of potassium from nonreplaceable to replaceable forms 
in soils and on its subsequent availability to plants. Graham 
(22, 23) has shov/n that hydrogen saturated clays and certain 
organic acids are effective weathering sgents in the breakdown 
of minerals. Using the technique of mixing hydrogen saturated 
clay with the silt-size fraction of soil materials gathered 
from a number of locations in the United States, including 
two samples from Iowa, he showed that potassium, calcium, and 
magnesium could be released during the growth of soybeans to 
aid in the support of their growth. 
That the release of potassium from nonreplaceable forms 
can be of importance to the plant during a growing season can 
readily be seen from the fact that a crop will significantly 
lower the amounts of replaceable potassium in soils of low re­
placeable potassium contents during the growing season; yet by 
the next spring the replaceable values will be approximately 
equal to those of the previous spring (35). This phenomena 
has lead to an intense interest as to the nature of this re­
lease and the mechanism which is involved. Parallel with the 
studies on release have been studies on fixation of soluble 
potassium in nonreplaceable forms. Evidence has been obtained 
that a good share of the fixing power of a soil is in the clay-
size fraction and it seems likely that the subsequent release 
is a reversal of this reaction. It appears that at least part 
of the potassium that has been shown to be released is merely 
the result of a shift in the fixation-release mechanism of 
the soil and not a rapid breakdown of the primary silicate 
mineral. Potassium is the only member of the four replace­
able cations usually studied which exhibits the phenomena of 
fixation and is the only member except magnesium ^^hich is 
contained in the clay size fraction of the soil to any extent. 
Thus it would seem that any sodium or calcium released vjould 
come from the v/eathering of the primary minerals whereas po­
tassium probably can enter and again be released from posi­
tions that arise within the clay mineral as well as being 
weathered from primary minerals. Magnesium can probably also 
originate from the clay fraction as -well as the primary min­
erals although the reactions here are not as well known. 
Goldioh (21) proposed a rock weathering sequence v;hereby 
sodium and calcium-sodium feldspars would weather more rapidly 
than potassium feldspars or mica. Steidtmann (57) and Leith and 
Mead (37) aleo studied the rates of rock weathering and con­
cluded that sodiuru v.-ould weather faster than potassium from rocks. 
No studies have been reported concerning release of non-
replaceable sodium to replaceable forms in soils. 
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The Response of Crops to Sodium Fertilization 
That crops will respond to sodium fertilization when po­
tassium is limiting has been known for a long time both in 
America and in Euarope. A number of investigations have dealt 
with a comparison of crops' ability to substitute sodium for a 
part of their potassium needs. It is now generally agreed that 
crops can be divided into three groups as regards their ability 
to respond to sodium fertilization. These groups are: (a) crops 
that respond to sodium only in the presence of a limiting supply 
of potassium, (b) crops that respond to sodium in the presence 
of an abundant supply of potassium, and (c) crops that do not 
respond to sodium under any conditions. It has been suggested 
that generally crops respond to sodium in the same relative 
order as the quantities of sodium which they are able to ab­
sorb (26, 63). 
Studies in the United States were started in 1894 at the 
Rhode Island P^xperiment Station by Wheeler and Tucker (64) 
and continued by Hartwell and associates (27, 28, 29) and by 
Breazeale (9). They found that wheat seedlings grown in cul­
ture solutions deficient in potassium responded to additions 
of sodium. V/orking with field soils deficient in potassium 
they reported increases in yield due to sodium on the follow­
ing crops; flat turnips, radishes, rutabaga, turnips, table 
beets, buckwheat, cabbage, sugar beets, mangels, oats, hay, 
onions, carrots, rape, potatoes, barley, rye, wheat, millet. 
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mangel-vmrzels, lettuce, and chicory. The yields of corn, soy­
beans, and squash v/ere not affected by sodium additions to the 
soil. 
Lill, Byall, and Hurst (38) working in Michigan found that 
fertilization with sodium chloride increased the yield of sugar 
beets and the number of commercial roots produced. In many 
cases the total sugar content was increased as well as the 
sodium and potassium content of the ash. Van Schreven (60) 
also demonstrated that total dry weight and sugar content of 
sugar beets were increased by sodium in potassiiim deficient 
cultures. The total amounts of potassium absorbed were also 
increased. 
Lehr (36) in reviev/ing the literature, which v;as mostly 
foreign, concluded that sodium v;as beneficial to beets in the 
presence of an optimum supply of potassium and that beets v/ere 
probably the most responsive crop known to sodium fertilization. 
Numerous investigators in the southeastern part of this 
country have found that the sodium contained in sodium nitrate 
fertilizer is beneficial to cotton in the absence of a suf­
ficient supply of potassium. Cooper and V/allace (16) and later 
Cooper and Garman (l5) found that sodium nitrate plots con­
sistently out yielded calcium nitrate plots. Moreover, sodium 
chloride gave increased yields both in the presence and absence 
of added potassium. They believed, that after twenty-five pounds 
of potassium oxide had been added per acre, sodium was about as 
effective as potassium in producing maximum yields. Andrews 
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and Coleman (2) report an addition of Bodium chloride equiv­
alent to 8 percent of potasBiuni oxide to 600 pounds per acre 
of 6-8-0 fertilizer increased the yield of seed cotton 195 
pounds per acre while half this quantity of sodium plus equal 
quantities of potassium gave increases of 93 pounds per acre. 
V/hen all the sodium was substituted by potassium an increase 
of only 69 pounds per acre v/as obtained. Furthermore vetch 
yields were almost doubled upon additions of sodium chloride 
to the soil where no response vms obtained to potassium sulfate. 
Holt and Volk (31) in Alabama also reported larger in­
creases in yield of seed cotton fx"om sodium nitrate than from 
ammonium sulfate plus enough lime to neutralize the acid pro­
duced. They found from greenhouse work that cotton gave no 
response to sodium when potassiiim was present in plentiful 
supply. Greenhouse work also indicated that oats> wheat, 
sugar beets, vetch, Austrian winter peas, and turnips gave 
responses to sodium when potassium v/as deficient. They found 
an average response of 53 percent, vdth cotton giving the 
largest (186 percent), and Austrian winter peas the smallest 
(17 percent) increase. From Holt and Volk's data it cannot be 
concluded whether the crops studied other tha.n cotton would 
give responses to sodium in the presence of an optimum supply 
of potassium. 
Harmer and Benne (25) have studied a great many vegeta,ble 
crops concerning possible yield responses to sodium applica­
-lo­
tions. They found consistent increases in yields of table 
beets, celery, swiss chard, mangels, sugar beets, and turnips 
with smaller increa-ses for celeriac, cabbage, kale, radishes, 
kohlrebi, and rape. Generelly the crops showed increased 
grov/th of both roots and tops, decreased damping-off and black 
rot of roots; produced healthier, glossier leaves, which 
appefsred more resistant to the attacks of such diseases as 
leaf spot of beets and blight of celery; and improved keeping 
and eating quality of celery. 
Sayre and Vittum (51) found sodium to be beneficial to 
beets but not to soybeans on a New York soil. 
Scharrer and Schropp (52) working in Germany found that 
maize, v/inter rape, and soybeans did not respond to sodium 
fertilisation in water and sand cultures except v/hen the rate 
was chemically four times as great for potassium as for sodium 
and when they were supplied as the chloride to raai25e. When the 
same treatments v,'ere supplied as the sulfate no sodium response 
was observed. 
Butkevich and Maruashvili (11) reported that wheat and 
maize yields were Increased by sodium additions up to sodium-
potassium ratios of five, then decreased. They concluded that 
sodium could substitute for 25 to 75 percent of the potassium 
needs of these two crops. 
Samoklvalov (49) and Mullison and Mullison (43) found 
that barley was benefited from the addition of sodium to water 
cultures when potassiiim is deficient. 
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Carrots and flax yields v/ere increased by sodium addi­
tions to the medium as demonstrated by Molchanov and Dmitrieva 
(40) . 
Fev; of the studies have been conducted in such a m;mner 
that it can be determined for certain '.vhether the crops re­
spond to sodium in the presence of optimum supplies of potas­
sium or not. It seems certain, however, that sodium is of 
benefit both to the table beet and sugar beet Vt'hen potassium 
is in optimum supply. The work of Harmer and Benne (25) has 
also demonstrated rather clearly that celery, mangels, swiss 
chard, and turnips belong in this same group and that cabbage, 
celeriac, kale, kohlrabi, radish, and rape probably can also 
be classified as sodium responsive crops when potassium is 
present in optimum supply. Cotton, vetch, flax, wheat, oats, 
rye, barley, millet, turnips, peas, radishes, cabbage, carrots, 
rutabagas, and buckwheat are orops which can probably be 
classified as able to use sodium as a partial substitute for 
potassium. Soybeans and corn apparently do not respond to 
sodium fertilization under any conditions. 
Beneficial Effects to Plants of Sodium Fertilization 
Hartwell and fissociates (37, 28, 39) believed the function 
of sodium is its ability to substitute for a part of the potas­
sium and thus to perform some function in plant metabolism, 
rather than to its nutritive value. 
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Lehr (36)  pointed out that in the event of a potcssiura 
3hort3.ge most of the sodium v/ill go to the foliage, where it 
sets free a certain quantity of potassium for use in other 
parts of the plant as in tubers of potatoes and the grain of 
oats. Van Schreven (60) reported similar results. He stated 
that sodium becomes concentrated in the older leaves of beets 
thus indicating the function of sodium ia in providing for a 
proper acid-base balance in the plant. In the case of po­
tassium deficiency, the older leaves are robbed of potassium 
to supply the younger leaves. The observed total increase of 
potassium removed by the plant v;hen sodium was added was due 
(a) to the beneficial effect of sodium in enabling the plant 
to extend its root system and (b) to better physiological 
funotions. Vlallace et al. (63) and Gauoh and Wadleigh (l9) 
also observed a concentration of sodium in certain parts of 
the plant thus suggesting a balancing effect. 
Butkevich and Maruashvlli (ll) observed that sodium 
treated wheat had broader, fleshier, and darker leaves, higher 
water content, wea.ker stems and an intensified transfer of 
potassium, nitrogen and phosphorus to young leaves. They also 
believed that complete substitution of sodium for potassium 
at heading and at stalk formation of wheat increased the yield 
of strav/ and grain as compared with a control receiving only 
potassium. When they supplied the potassium and sodium salts 
separately they found them to be less effective than when 
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cupplied together. Marshall (39) and H?.rmer and Benne (36) 
have suggested th^.t the BO called luxury consumption of po-
tasaium exhibited by certain crops may actually be caused by 
sodium starvation but this is not in agreement with the obser­
vation of others (63). 
Lehr (36) has reported that in certain crops the sum of 
potassium, magnesium, calcium, nnd sodium is nearly constant 
nnd that in fodder beets, oats, barley, and white mustard, and 
to a lesser extent flax, sodium and potassium have an equiv­
alent replacement. He also reported that in some plants po­
tassium apparently could be replaced by calcium. 
A number of workers (38, 60, 63) have reported rm actual 
increase in the total amounts of potassium taken up when sodium 
V7as added to the soil, and it has been suggested (36) that 
Bomehovf sodium makes potassium more available or sets free 
nonavailable potassium in the soil. In some cases, hov/ever, 
it seems likely that the increased uptake may be due to a 
more healthy plant developing with a resulting larger more 
vigorous root system. In other instances it is likely that 
potassium may have been concentra.ted in the aerial portions 
of plants with sodium being in the roots. An sjnalysis of the 
aerial portions v/ould then indicate an apparent increased 
uptake of potassium although this probably would not be the 
case if the entire plant xvere considered. 
Lehr (36) believes the beneficial effect of sodium in 
the soil on the growth of beets is due to its ability to 
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cause a better cation balance particularly between the mono­
valent and. divalent ions. Hicliords (46) also believes the 
function of sodium is due to its ability to cause a better 
balance bf^t^.'een divalent cslcium and magnesium and monovalent 
potassium. 
After a study of 108 papers Rodhe (47) in 1939 concluded 
that sodium could in no way substitute for potassium either in 
the plant or anit-ial organism aince in both oases the function 
of the tv.'0 elements were antagonistic to each other. He fur­
ther stated that the a.3Sumption that sodium is in any v?ay 
capable of assuming the role of potassium in respect either 
to the letter'3 chief or secoxidory functions in living cells 
is incorrect, and has caused much confusion in the physiological 
literature. Sodium did not promote but on the contrary tended 
to inhibit the effect of potassium in the living cell. Osterhout 
(43) also believes sodium is not able to replace potassium in 
plants but has value through its protective action. 
Sodium has been reported to be beneficial in other v;r-ys. 
Harmer and Benne {2G) report that sodium is able to increase 
transpiration in sugar beets and decrease, water evaporation 
from muck soils. In pla.nts where sodium -was of benefit in the 
presence of optiirium potassium supplies, it improved the color 
and vigor of the pliant. The plants appeared to have decreased 
wilting in hot, dry weather and increased disease resistance. 
The evidence seems to prove very conclusively that sodium 
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has special functions in some plants and that in others it may 
replace a part of the potassium needs. It seems then, that 
the beneficial affects due to sodium can be divided into three 
groups. They are (a) functions ivhich aodiura can alone perform 
in the plant, (b) partial replacement of potassium functions 
in the plant, and (c) the ability to depress calcium and mag­
nesium uptake when potassium supplies are low. Little is knov/n 
concerning the specific reactions which sodium undergoes in 
plants but it seems likely that it exerts some balancing or 
regulating action. 
The Effect of Sodium Fertilization on the 
Ohemical Composition of Plants 
Considerable work has been done on the effect of sodium 
applications on the cation balance in plants. Lehr (36) has 
reviewed the literature on the equilibrium of cations in the 
beet. By plotting calcium, potRSsium and sodium on a trian­
gular scale, he concluded that certain areas of these diagrams 
could be correlated with yields which suggest that a certain 
equilibrium of cations gives greatest yields. His data show 
that beet foliage contains proportionately more sodium and 
calcium and the beet root more potassium. 
Van Itallie (59) in his v/ell known work on cation equi­
libria studied very thoroughly the effect of adding different 
ratios of calcium, magnesium, potassium, and sodium to an acid 
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sandy soil and the resultant uptsike of the four oationa by 
Italian rye grass. He found that both sodium and potassium 
distinctly lowered the uptake of calcium and magnesium, po­
tassium being more effective. Sodium application distinctly 
raised the sodium content and potassium lowers the sodium 
content. Oalcium and magnesium lowered the sodium uptake but 
not appreciably. It is interesting that although the cations 
present in the soil varied greatly resulting in large dif­
ferences in the individual cation contents of the plant the 
total of the four v/ere always approximately the same. From 
these studies van Itallie concluded that the cations could be 
arranged in the following order with respect to their ability 
to influence the uptake of others, K >• Na > Mg > Ca. From this 
he assigned the cations the following approximate coefficients 
which give the best correlation with the amounts in the plant; 
20K, lONa, 2 Mg, 1 Oa. 
Numerous workers have studied the effect of adding sodium 
to the soil on the uptake of potassium. The effects found have 
shovai potassium to be increased (38, 60, 63) or decreased 
(35, 31, 59). This apparent discrepancy is probably due to 
differences in the amounts of available sodium and potassium 
in the soil, differences in plants, and failures to analyze 
the entire plant. 
Oollander (l4) studied the cation contents of twenty dif­
ferent plants and concluded, that the sodium contents of plant 
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speoiea vary more than any other cation. He also found that 
all the halophytes studied were rich in sodium, 
Gfrolus (l3, 13) studied the effect of different fertilizer 
elements on the potassium, calcium find magnesium absorption of 
the "bean and potato plants. Although he made no sodium analy-
Bis> both the bean and potato plants are considered low sodium 
plants; yet sodium was found to have an enormous effect on 
cation absorption. Sodium increased calcium absorption in the 
bean but not in the potato, greatly decreased magnesium ab­
sorption in the bean, and in moat cases decreased potassium 
in both plants. Vihen combinations of cations were added, nu­
merous interactions occurred thus suggesting the level of the 
ion present was important. 
"'^allaoe et al. (63), studying alfalfa in the greenliouse in 
water cultures, found that sodium decreased calcium and mag­
nesium uptake and usually increased uptake of potassium. Po­
tassium added to the solution cultures decreased the uptake of 
sodiiun when potassium was supplied in modero.te to large amounts. 
It is interesting that sodium was able to increase the uptake 
of potassium as sodium is not abtjorbed in very large amounts 
by alfalfa. The authors found a maximum of 11 M.E./lOO g. 
of sodium as compared with 9S M.E./lOO g. of potassium. Hovr-
ever, the roots of the plants were not analyzed which doesn't 
allow a determination as to whether the total actual uptake 
of potassium was increased for sodium or not. It appears that 
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sodium may h?ve been translocated to the roots freeing po-
tasolum to toe used in the folis.ge thus -•locounting for the in­
creased potassium in the foliage. It y/as found that sodium 
was oonoentrated in the atems while potassium was in greater 
corxcentration in the leaves. 
There has been a great deal of controversy on the effect 
of additions of sodium chloride on the sugar content of sugar 
beets. Decoux et al, (17), Hoffmann (30), Shirshov and 
Druzhinin (53), Ukradyga and Oleksiuk (58), and Vlasjruk (SI) 
found sodium applications to be beneficial in increasing the 
sugar contents of sugar beets while Harmer and Benne (35) and 
Lill et al. (38) found little effect and Volkart and Schmitz 
(62) reported decreB.see. Lehr (36) in a review paper states 
that there is little agreement aa to the effect of sodium on 
the sugar content of sugar beets. 
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THE AMOUNTS OF REPLACEABLE SODIUM AND 
POTASSIU!.{ IN IOWA 30ILB AND THE RATES OF 
RELEASE OF THE NONREPLAOEABLE FORMS 
Introduction 
Although sodium has been shovm to be of value in plant 
nutrition from an agronomic point of view, yet it has re­
ceived little attention in soil fertility studies other than 
those related to soil alkali problems. Sodium is generally 
considered beneficial for crops only through its ability to 
substitute for potassium under conditions of potassium defi­
ciency, but there are certain crops which apparently do 
need sodium for maximum grov/th. It has been found that some 
crops absorb sodium in large quantities even though the amounts 
of replaceable a.nd water soluble sodium in the soil are usually 
low. In this respect it acts much like potassium. Replace­
able sodium is readily replaced by other cations and thus it 
may be very easily leached from well drained soils. If sodium 
is of importance in soil fertility studies, the conditions 
under which it is made available to plants should warrant study. 
The object of this phase of the work was to study the 
chemistry of sodium in Iowa soils. A study of the amounts of 
replaceable sodium and of the release of nonreplaceable sodium 
to replaceable forms should indicate the amounts that are 
available to plants during the growing season. 
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Soils were selected so that differences in soil types, 
parent material, and degree of soil development could be re­
lated to the behavior of sodium. 
Since potassium acts similarly to sodium in plants and 
since a considerable amount of evidence concerning the behavior 
of potassium in soils has been accumulated, it wss thought 
desirable to compare the reactions of sodium and potassium on 
the same soils. 
In this study the conversion of sodium and potassium from 
nonreplaceable to replaceable forms will be referred to as 
sodium ajad potassium release. 
Experimental Methods 
Reolaceable sodium and potassium determination 
Samples from the surface horizon of forty-nine soils rep­
resenting eighteen soil series were selected for replaceable 
sodium determinations. Replaceable potassium was also deter­
mined on thirty-four of the same samples. In addition, re­
placeable sodium waa determined in seven profiles, v/ith five 
horizons represented in each case, in an effort to find the 
effect of horizon development on replaceable sodium. The 
samples were taken from the files of the Soils Subsection of 
the Iowa Agricultural Experiment Station. 
An appropriate quantity of soil, usually 35 grams, was 
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leached with 400 ml. of neutral normal ammonium acetate^ on a 
Buchner funnel and the leachate was evaporated to dryness on 
the steam plate. The residue was treated ?/ith aqua regie., 
transferred to a 50 ml. beaker, dried, and ignited at 390^ 0, 
in a muffle furnace. The ignited residue v/as treated v/ith 10 
ml. of 0.5 normal hydrochloric acid, evapora.tcd to dryness, 
cooled, and taken up in a measured quantity 0.1 normal nitric 
acid, with precautions to avoid ammonia contamination. From 
this solution proper sized aliquots v/ere taken for sodium and 
for potassium determinations. 
Sodium was determined by two methods. In one of the meth­
ods used, the sodium v/as precipitated with magnesium uranyl 
acetate according to Peech (44), centrifuged, washed, and. 
weighed in the centrifuge tubes. The second method involved 
use of the Perkin Elmer flame photometer (model 18). Calcium 
was fomid to interfere with a direct sodium determination; 
consequently, it v/as precipitated as the oxalate prior to the 
sodium determination. A large excess of oxalate V7as avoided 
in order to minimize its effect in the determination of 
sodium. The clear solution from the calcium precipitation was 
transferred to a 100 ml. volumetric flask and made to volume 
by adding ammonium-magneaium acetate and water as described by 
^The ammonium acetate was prepared by mixing concentrated 
ammonium hydroxide with concentrated acetic acid and diluting 
to volume. Since ammoniurn hydroxide commonly contains sodium 
impurities, it was redistilled, using a pyrex tube leading from 
the distillation flask to a large pyrex carboy containing 
approximately four-to-one acetic acid. 
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Attoe and Truog (4). Sodliim v/ae then determined with the flame 
photometer, by comparing the reading with those of a previously 
prepared standard curve. The Perkin-Elmer flame photometer is 
designed after the work of Barnes et al. (5). 
Potassium was determined by the cobalti nitrite method 
of Brown et al. (10). A second potassium method involved use 
of the flame photometer, using the same solution as used for 
sodium. 
Release of nonreplaoeable sodium and ootassium to replaceable 
forms in soils 
Soils studied. Thirteen profiles located in v^idely dif­
ferent parts of Iowa, representing a variety of parent materials, 
stages of development, and native vegetation were chosen. 
Three horizons from each profile were selected. These usually 
represented the A, A2 or A-B transition, and the B horizon. 
In one case the A-B transition horisson v/as omitted in favor of 
a 0 horizon. 
A group of soils developed from loess in southern and 
VJestern Iowa were among those chosen. These soils ha.ve been 
studied rather thoroughly by Hutton (32) and include the 
Marshall, Sharpsburg, Haig, Seymour, and Edina series. These 
soils are all developed from loess the source of which is 
believed to have been the Missouri river bottoms. Similar 
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groups of loess derived soils from Illinois have been described 
by Smith (55). The Marshall and Sharpsburg soils are the 
least developed soils of the group. Sharpsburg soils differ 
from Ivlershall soils in having somewhat more clay accumulation 
in the B horizon. Both soils are developed on moderately 
rolling slopes. Haig soils are developed on sites farther 
epst and from a thinner loess. They are developed on very 
flat slopes, are very dark colored, and show considerable clay 
accumulation in the B horizon. Seymour and Edina soils are 
the most highly developed soils of this group and are apparently 
formed on a very thin, fine textured loess. Edina soils have 
a larger clay accumulation in the B horizon than do Seymour 
soils and are developed on very level sites. Taintor soils 
are similox to soils of this group except ths.t they a.re de­
veloped from a loess v;hioh apparently originated in connection 
with lowan glacial material. They resemble the Sharpsburg 
soils in that they show only moderate development of a tex-
tural B horizon but differ in that they are somewhat darker 
in the surface horizon and are developed on a flatter to­
pography. All these soils are formed under grass vegetation. 
The Marshall, Sharpsburg, Haig, Seymour, Edina and Taintor 
profiles studied here v/ere tsken from Montgomery, Taylor, 
Lucas, Wayne, Lucas and Washington counties respectively. 
The Fayette, v/eller and Marion soils were developed un­
der forest vegetation. Fayette soils are developed on mod­
erate slopes from loess originating in connection with the 
-•34'~ 
Io\van till plain. They show little horizon differentiation. 
Weller soils are developed on gently rolling slopes from loess 
the source of which is probably different from that of Fayette. 
Weller soils have definite Ag horizon with very fine textured 
B horizons, Marion soils are the most highly developed soil 
of this series. They have a thick ashy Ag horizon with an 
extremely dense B horizon. 
The Vifsbster, Garrington, and Floyd series were developed 
under grass vegetation. Webster soils are developed on material 
brought in by the Mankato lobe of the Wisconsin glaciation. 
They have very dark surface soils with a moderately fine tex­
tured, poorly oxidized B horizon. They are developed on nearly 
level sites in north central Iowa. Oarrington and Floyd soils, 
plastic till variant, are developed from a mixed thin covering 
of loess and till overlaying a very slowly permeable section of 
lowan till. Floyd soils are located on lower, more nearly level 
locations und have slightly finer textured B horizons than Oar­
rington soils. The Webster profile was from Webster county 
while the Oarrington and Floyd profiles were from Howard County. 
Laboratory methods. IQO-gram samples of soil were mixed 
with 200 ml, neutral normal ammonium acetate, filtered on a 
Buohner funnel, leached with an additional 600 ml. of ammonium 
acetate, followed by 200 inl. of wa.ter, 800 ml. of 0.1 normal 
acetic acid and again with about 500 ml. of T/ater. The soil 
was then taken off the filter and spread out to dry at room 
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temperature. The soils usually dried over night. The soil 
was then ground and '-iliquota v.'ere taken for a preliminary anal­
ysis to measure the replaceable cations present at the start of 
the inCuba.tion. 
The samples were placed in heavily lined imxed ice cream 
cartons and moistened to approximate field capacity. The cans 
Vv'ere then placed in containers vjhich were designed to keep the 
humidity near saturation. The syjrnplea v/ere checked frequently 
for nioieture and brought to the original moisture content, if 
needed. Seldom v^as any adjustment of moisture necessary. At 
the end of t7/o months time the ice cream cn.rtons were badly 
damaged by the high moisture and the soil was removed and 
placed in plastic containers. Room temperature was used for 
the incubation temperature. Samples for analysis were removed 
at the end of 601 lEJO} and 360 days. 
Exchangeable cations were extracted by les.ohing 25 grams 
of the sample with 400 ml. of neutral normal BJiimonium acetate 
by placing the sample on a Buchner funnel and leaching with 
small additions of the ammonium acetate. In the case of the 
initial analysis, the extraction was made of the dry soil but 
all other extractions mve made of the moist soil as it was 
removed from the incubation chamber. 
Sodium was determined by the method of Peeoh (44) with 
certain modifications as previously described. Potassium was 
determined by the method of Brown et al. (lO). A McBeth pH 
meter equipped with a glass eleotrode was used for pH measure­
ments. All determinations were made in duplicate. 
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Total sodium and potassium determination 
A 5-grara soil sample was ground to pass a 100-mesh sieve 
and dried at 105° 0. for 24 hours. One-half gram samples were 
then weighed into platinum crucibles and ignited at 390° C. to 
remove organic matter. The sample was treated with a sulfuric-
hydrochloric-hydrofluoric acid mixture as described by Willard 
and Dlehl (66) except that a second sulfuric acid evaporation 
was used to insure complete removal of the hydrofluoric acid. 
Neither evaporation was taken to complete dryness. The resi­
due was transferred to a 400 ml, beaker; 5 mis. of concentrated 
hydrochloric acid was added, heated, and made to a final volume 
of 250 ml. with water. The sodium and potassium content was 
then determined by means of the flame photometer. A standard 
sodium and potassium solution was made up vdth the approximate 
amounts of iron and tiluminum contained in the unknowns and 
were found not to significantly interfere. The sodium deter­
mination was checked against a standard gravimetric procedure 
and good agreement was attained. 
Experimental Results 
Amounts of replaceable sodium in soils 
The amounts of replaceable sodium in lovm soils are shown 
in Table 1, The range lies between 0.27 M.E. per 100 grams 
for a sample of Marshall soil down to 0.03 M.E. per 100 grams 
Table 1. The Amounts of Replaceable Sodium and Potassium In 
Iowa Soils. 
File 
No. Soil Type County 
• 
Great Boil GrouD 
6521 Marshall silt loam Mills Prairie 
1948 Marshall silt loam Page Prairie 
667 Marshall silt loam Page Prairie 
2226 Marshall silt loam Page Prairie 
P-.80-2 Marshall silt loam Montgomery Prairie 
P-.71-1 Marshall silt loam Shelby Prairie 
P-122-1 Sharpaburg silt loam Taylor Prairie 
P-124-2 Sharpsburg silt loam Taylor Prairie 
P-376-1 Haig silt loam Lucas VJiesenboden 
P-3-.2 Haig silt loam Lucas Vliesenboden 
1186 Grundy silt loam Monroe Prairie 
1195 Grundy silt loam Monroe Prairie 
P-7S-2 Seymour silt loam Wayne Prairie 
P_377-1 Edina silt loam Lucas Planoaol 
1161 liidina silt loam Monroe Planosol 
P-139-1 Talntor silt loam Washington V/iesenboden 
2150 Tama silt loam Howard Prairie 
P-28-1 Tama silt loam Tama Prairie 
P-94-.1 Muscatine silt loam Tama Prairie 
P-30-1 Muscatine silt loam Tama Prairie 
P-101-2 Fayette silt loam Allamakee Gray Brown Podzolic 
P-119-1 Fayette silt loam Jackson Gray Brown Podzolic 
P-4-2 V/eller silt loam Lucas Gray Brown Podzolic 
P-7-2 Marion silt loam Monroe Planoaol 
P-116-1 Webster clay loam V/iesenboden 
P-50-1 Webster silty clay loam Story Yiiesenboden 
F449 VJebster silty clay.loam Hancock Yiiesenboden 
F450 V/ebster silty clay loam Kossuth v'iesenboden 
F452 Webster silty olay loam Vi/inneba.go •Wiesenboden 
F212 VIebster silty clay loam Hancock V/iesenboden 
F214 \^ebster silty clay loam Hancock Wiesenboden 
F215 Webster silty clay loam Hancock V/iesenboden 
410 Webster loam Hancock Wiesenboden 
F362 • Harpater silt loam Boone Wiesenboden 
F219 Harpster silt loam Story Wiesenboden 
F223 Harpster silt loam Boone Wiesenboden 
SI Harpster silt loam Story Wiesenboden 
32 Harpster silt loejn Story Wiesenboden 
23A Harpster silt loam Story Wiesenboden 
27B Harpster silt loam Story Wiesenboden 
1023 Harpster silt loam Hamilton Wiesenboden 
F451 Nicollett silt loam V/innebago Prairie 









Loess 0.05 1.94 
Loess 0.11 1.90 
Loess 0.16 
Loess 0.05 0.84 
Loess 0.02 0.54 
Loess 0.13 
Loess 0.17 -—. 
Loess 0.13 
Loess 0.07 0.67 
Loess 0.04 0.63 
Loess 0.11 . 
Loess 0.09 0.48 




Loess 0.05 0.21 
Loess 0.03 0.70 
Loess 0.09 0.27 
Loess 0.03 1.94 
Glacial till 0.10 0.53 
Glacial till 0.12 —.— 
Glacial till 0.13 0.34 
Glacial till 0.24 0.39 
Glacial till 0.17 0.44 
Glacial till 0.11 0.39 
Glacial till 0.24 0.52 
Glacial till 0.14 0.59 
Glacial till 0.15 0.34 
Glacial till 0.07 0.19 
Glacial till 0.09 0.25 
Glacial till 0.05 0.18 
Glacial till 0.11 0.15 
Glacial till 0.17 0.21 
Glacial till 0.10 0.32 
Glacial till 0.11 0.23 
Glacial till 0.14 0.23 
Glacial till 0.13 0.43 
0.26 Glacial till 0.07 
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Table 1 Continued 
File 
No. Soil Type Oountv Great Soil Groutt Par 
F213 Clarion loam Hancock 
• 
Prairie Glao 
P-114-1 Oarrington loam Howard Prairie Mixe 
2217 Oarrington silt loam Howard Prairie Mixe 
F36-1 Oarrington loam Howard Prairie Mixe 
P-52-1 Oarrington silt loam Grundy Prairie Mixe 




Parent Material M.E./lOO e. M.E./lOO CC. 
Grlaoial till 0.13 0.45 
Mixed till and loess 0.04 0.25 
Mixed till and loess 0.09 
Mixed till and loess 0.09 0.33 
Mixed till and loess 0.10 0.33 
Mixed till and loess 0.11 0.25 
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for a Marion sample. Most of the values fall toetvjeen 0.1 and 
0.2 M.E. per 100 grams. 
Replaceable sodium values are much smaller than replaceable 
potassium values for nearly all soils. The range in amounts 
of replaceable potassium is much greater than of sodium and 
consequently the ratios of sodium to potassium vary greatly. 
The ratios of sodium to potassium vary from 1:39 in a Marshall 
sample to ratios of nearly 1:1 in a Harpster soil. 
There appears to be some relation between the amount of 
replaceable sodium and the soil type although in most cases 
the number of samples per soil type is not large enough to 
allow any conclusions. About the only comparisons of soil 
types that can be made are betv/een the v/ebster, Harpster, and 
Marshall soils. The Y/ebster and Marshall soils contain about • 
equal amounts of replaceable sodium vrhile the Harpster soils 
contain less. The 'A'ebster soil contains more potassium than 
the Harpster although the sodium-potassium ratio is about the 
same. 
It appears that the loess soils of southern and eastern 
Iowa contain very small amounts of replaceable sodium in the 
surface horizon. These soils contain less sodium on an aver­
age than do the Marshall soils. 
The forest soils of eastern Iowa contain very small 
amounts of replaceable sodium as evidenoed by the analysis. 
Table 2 ahov/s the amounts of replaceable sodium in a num-
Table 2. Replaceable Sodiiim Contents of Seven Loess Profiles frora Southern Iowa. 
Depth 
in. Horizon M.E./IQO g. 
Minden Silt Loam (P217) 
0-6 Ai <0.10 
11-16 Aio <0.10 
21-26 Bn'' <0.10 
31-39 B2 <0.10 
39-48 Oi 0.10 
Depth 
in. Horizon M.S./IOQ g. 
V/interset Silty Clay Loam 
(P218) 
0-7 Ai <0.10 
14-18 Ai„ <0.10 
22-25 <0.10 
30-35 B2 0.12 
40-46 B3-C1 0.29 
Depth 
in. Horizon M.5./100 g. 
Mnterset Silty Clay Loam 
(P222) 
0—6 At <0.10 
10-14 A3 <0.10 
18-22 Bg <0.10 
26-30 B3 0.10 
40-46 Ci 0.16 










































Edina Silt Loam (P223) 
0-6 At <0.10 
10-15 An <0.10 
19-24 Bi 0.88 
24-29 Bp 1.80 
40-46 C£ 1.83 
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ber of soil profiles across ssouthern lov^a v/hich are developed, 
from the same loess deposit. It is evident that the Minden soil 
has little sodium accumulation any\vhere in the profile. The 
Winterset and Haig contain little sodium in the surface horizon 
but show appreciable amounts in the B3 and C horizons. The 
Winterset soil profile has a definite clay accmiulation in the 
B horizon whereas the Haig has a rather marked clay accumula­
tion. The Edina, which has the most impervious B horizon of 
any of the soils discussed in this series, has little sodium 
in the surface horizon but contains very large amounts in the 
lower horizons. This seems to indicate that sodium accumula­
tions are associated with horizons of restricted drainage. 
Release of nonrenlaceable sodium and potassium to replaceable 
forms 
The releases of sodium and potassium show strikingly dif­
ferent curves when the amounts released are plotted against 
time of incubation (Table 3, Figures 1, 2, 3 and 4). Potassium 
release is characterized by a very rapid early release which 
gradually diminished with time. Sodium release shows a more 
gradual acoiimulation of replaceable sodium with some release 
values tending to become nearly constant. 
A large amount of potassium was released during the time 
the soil was drying following the acid leaching treatment. 
Evidence that this release was real and was not the result of 
an Incomplete extraction of the original replaceable potassium 
-33-
Table 3. The Release of Sodium and Potaasiuin from Nonreplaceable 
to Replaceable Forms during 360 Days' Moist Incubation. 
pH of Incubated Original} 
File Depth Sample Real. Na! 60 
Ko. Soil Horip^on Inches Original Final M.E.i oer 
P-80-3 Marshall A 2-5 3.8 4.5 . 0.05 0.1 
P-8G-7 Marshall B 18-22 4.0 5.1 0.12 0.1 
P-80-14 Marshall 0 54-60 4.3 5.1 0.18 0. 
P-.124-.2 Sharpsburg A 3-6 —— 4.5 0.05 0.1 
P-.1H4-4 Sharpsburg A-B 9-12 4.1 0.07 0. 
p-124-7 Sharpsburg B 18-21 3.9 0.10 0. 
P-376-1 Haig A 0-6 3.8 4.6 0.03 0. 
P~S76-3 Haig A-B 10-12 4.1 4.5 0.04 0.' 
P-376-.5 Haig B 22-28 4.4 5.0 0.15 0. 
P-76-2 Seymour A 4-8 4.0 4.5 0.07 0. 
P-76-3 Seymour A-B B-11 4.0 4.4 0.07 0.' 
P-76^7 Seymour B 18-21 4.3 4.3 0.47 • 0. 
P-377-1 Edina A 0-5 3.7 4.1 0.04 0. 
P-377-3 Edina As 10-15 4.1 4.4 0.11 0. 
P-.377-6 Edina B 20-25 4.4 4.9 0.63 0. 
P-139-1 Taintor A 0-6 4.4 0.09 0. 
P-139-3 Taintor A-B 9-12 4.0 0.11 0. 
P-139-7 Taintor B 21-24 4.6 0.12 0. 
P-101-2 Payette A 1-3 4.0 4.3 0.05 0. 
Pr-101*"4 Fayette A-B 6-8 3.9 4.0 0.07 0. 
P-101-6 Fayette B 10-12 4.0 4.0 0.10 0. 
P~119-l Fayette A 0—3.5 4.6 0.03 0. 
P-119-6 Fayette A-B 16-19 —— 4.2 0.10 0. 
P-.119-10 Fayette B 29.5-33.5 —_ 4.1 0.08 0. 
P-4^2 Weller A 1.5-4 4.0 4.4 0.09 0.' 
P-4-4 Weller ^2 6-8 4.2 4.7 0.13 0.1 
P-4-8 Weller Bi 16-19 3*9' 3.5 0.32 O. i  
P-7-3 Marion A- 0-3 4.1 4.5 0.03 0. 
P-.7-6 Marion ^3 10-12 . 4.1 4.6 0.13 0. 





P-116-1 Vdebster A 0-5 4.6 4.9 0.10 
P-116-4 7^ebster A-B 15-19 4.3 4.6 0.13 
P-116-6 Webster B 33-28 4.6 4.4 0.13 
P-114-1 Oarrington A 0-6 4.1 0.04 




P-.114-7 Oarrington B 26-31 —- 4.2 0.09 
P-117-1 Floyd A 0-5 3.8 4.1 0.11 
P-117-3 Floyd A-B 10-15 4.2 4.3 0.10 
P-117-7 Floyd B 19-33 4.5 4.7 0.11 w• 0. 
^The initial amount of potassium released is the amount released 
during the time the soils were drying following the removal of 
all the original replaceable cations. 

Sodium Release Original Potassium Release 
60 Days 180 Days 360 Days Repl. K Initial^ 60 Days 180 Days 360 Days 
per 100 Grams M.E. per 100 Grams 
0.04 0.06 0.12 1.94 0.08 0.12 0.16 0.21 
0.03 0.03 0.05 0.61 0.08 0.12 0.08 0.10 
0.07 0.08 0.17 0,50 0.09 0.13 0.13 0.18 
0.06 0.13 0.18 0.84 0.13 0.15 0.21 0.23 
0.12 0.19 0.30 0.55 0.12 0.15 0.16 0.17 
0.14 0.26 0.35 0.58 0.12 0.13 0.13 0.15 
0.05 0.09 0.17 0.54 0.07 0.17 0.25 0.25 
0.07 0.10 0.12 1.01 0.06 0.08 0.09 0.12 
0.05 0.09 0.09 0.78 0.06 0.09 0.10 0.12 
0.05 0.10 0.12 0.67 0.06 0.06 0.09 0.12 
0.07 0.12 0.14 0.46 0.06 0.05 0.07 0.08 
0.08 0.24 0.24 0.51 0.05 0.12 0.12 0.13 
0.11 0.16 0.24 0.63 0.04 0.09 0.10 0.15 
0.05 0.12 0.18 0.34 0.04 0.07 0.03 0.08 
0.07 0.08 0.09 0.23 0.05 0.08 0.06 0.10 
0.08 0.21 0.25 0.48 0.11 0.12 0.15 0.15 
0.13 0.24 0.29 0.32 0.09 0.09 0.09 0.12 
0.11 0.16 0.21 0.29 0.06 0.09 0.09 0.12 
0.06 0.11 0.15 0.21 0.01 0.03 0.06 0.10 
0.07 0.10 0.10 0.23 0.02 0.04 0.05 0.08 
0.09 0.13 0.24 0.29 0.03 0.08 0.09 0.13 
0.10 0.21 0.23 0.70 0.06 0.11 0.23 0.23 
0.10 0.12 0.14 0.38 0.05 0.09 0.10 0.10 
0.09 0.19 0.28 0.40 0.07 0.08 0.15 0.14 
0.06 0.17 0.17 0.27 0.03 0.08 0.16 0.17 
0.05 0.18 0.18 0.34 0.03 0.08 0.11 0.12 
0.06 0.07 0.14 0.53 0.04 0.04 0.11 0.12 
0.06 0.11 0.13 1.94 0.03 0.08 0.13 0.13 
0.08 0.10 0.10 0.61 0.02 0.03 0.02 0.06 
0.03 0.07 0.10 0.50 0.04 0.05 0.07 0.09 
0.08 0.17 0.18 0.53 0.10 0.09 0.07 0.12 
0.08 0.14 0.14 0.47 0.06 0.07 0.09 0.11 
0.10 0.09 . 0.22 0.33 0.09 0.09 0.08 0.10 
0.06 0.19 0.22 0.25 0.07 0.06 0.09 0.10 
0.08 0.08 0.13 0.18 0.04 0.03 0.02 0.03 
0.07 0.11 0.14 0.27 0.04 0.03 0.04 0.05 
0.08 0.11 0.17 0.25 0.04 0.05 0.06 0.08 
0.09 0.15 0.18 0.30 0.03 0.03 0.02 0.04 
0.06 0.07 0.07 0.34 0.04 0.04 0.03 0.06 
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llea in the fact that an analysis for other cations showed 
them to be rather conij)letely extracted. Thus this release 
occurred during approximately the one day drying period. No 
such reaction was found for sodium. The magnitude of the 
potassium release due to drying is shown very strikingly when 
the amounts released during the drying period are compared 
with the amouints released during the 360 day incubation period. 
This shows 97^ as much potassium was released during the drying 
period as during the 360 days of incubation. 
Figure 5 shows a comparison between sodium and potassium 
release during the first 60 days incubation and the last 300 
days. This brings out clearly that in all but three oases po­
tassium was released more rapidly tha,n sodium during the first 
60 days while sodium vm.3 released more rapidly than potassium 
during the last 300 days in all but one soil sample. This 
seems to indicate that a different type of release is involved 
in sodium and potassium release. 
Generally, the sodium released was most rapid during the 
first 60 days, followed by a slightly slower ra.te during the 
next 130 days. In some cases the release continued at a near 
linear rate throughout the incubation period while in others 
the rate of release was very small after the first 180 days had 
passed. In general the decline in rate of release with time is 
much less for sodium thsji for potassium. In nearly all in­
stances more sodium than potassium was released during the 
Fig. 5. The release of sodium and potassium from 
nonreplaoeable to replaceable forms in the 
A horizon of thirteen Iowa soils during two 
consecutive periods of incubation. 
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360 days, of inoubation. 
In all except two cases the surface horizon released more 
potassium than either of the other two horizons (Table 3), This 
was not true for sodium, however. 
The greatest differences among soils in the amounts of 
sodium released is in the B horizons. The Haig, Edina, V/eller, 
Marion, Floyd, and Carrington soils all show small amounts of 
sodium release in the B horizon. The first fom' soils all 
contain B horizons with a high clay content and the last two 
soils have very impervious, though, not so fine textured B 
horizons. 
An interesting comparison can be made by comparing the 
amounts of sodium released in the A and B horizon of the thir­
teen soils studied (Figure 6). In all the soils except the 
six mentioned above and the !/!arshall soil considerable more 
sodium was released from the B horizon than the A horizon. 
The amounts of potassium released appear to be associated 
with the parent material from which they were formed, although 
this doesn't appear to be true for sodium. The lowest po­
tassium release values are found in the Carrington, Floyd and 
on one Fayette profile all of which are developed from mixed 
loess and Iowa till or loess material blown off the l0Y;an till 
sheet. These same soils release considerable sodium, however. 
Likewise the vVebster soils, also developed from till, released 
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Fig, 6. Release of sodimn and potassium from noareplaceable to 
replaceable forms in the B horizon of thirteen Iowa soils 
dnring 360 days moist incubation 
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Marshall, Sharpsburg, and Halg soils developed from loess from 
the same source, released some of the largest amounts of po­
tassium and relatively large amounts of sodium. 
Total analysis of soils for sodium and potassium 
Four soils were selected for total analysis in o.n effort 
to obtain additional information concerning differences in 
the "behavior of sodium and potassium in the soils studied. 
The data are presented in Table 4. 
The samples from the Floyd profile appear to be signifi­
cantly lower in total potassium and tend to be lov^er in to­
tal sodium than the profile samples of the three loess soils 
studied. Both the sodimi and potassium content of the Floyd 
profile increases y/ith depth. This may be an indication of 
a change in parent materials. 
The Marshall profile shows a greater concentration of 
sodium and potassium in the 0 horizon than in the other hori­
zons which may indicate a v/eathering av/ay of these constituents. 
If this is the case a more rapid vjeathering of sodium than 
potassium is apparent. The Edina profile shows the B horizon 
to be lower in both sodium and potassium than the other hori­
zons. This may be corelated with the amount of clay of that 
horizon, since the clay tends to be low in sodium and potassium. 
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Table 4. Total Potassium and. Sodium and Po~ 
tassium-Sodium Rations fox Four Iowa 
Profiles 
File i lo 
No. Profile K Na K/Na 
P-80-2 Marshall silt loam 1. 75 0.81 2.16 
P-80-7 Marshall silt loam 1. 77 0.78 2.26 
P-80-14 Marshall silt loam 1. 89 0.94 2.02 
P-.124-2 Sharpstourg silt loam 1. 87 0.80 2.34 
P-124-.4 Sharpsburg silt loam 1. 74 0.77 2.26 
P-124-7 Sharpsburg silt loam 1. 86 0.72 2.58 
P-377-1 Edina silt loam 1. 62 0.84 1.93 
P-377«3 Edina silt loam 1. 88 0.84 2.24 
P-.377-5 Edina silt loam 1. 62 0.72 2.25 
P-117-1 Floyd silt loam 1. 08 0.60 1.80 
P-.117-3 Floyd silt loam 1. 23 0.70 1.76 
P-117-5 Floyd silt loam 1. 40 0.76 1.84 
-44-
Disoussion 
It seems likely that the greatest part of the sodium in 
soils is held in sodium bearing feldspar minerals whereas po­
tassium is held by minerals of the feldspar type and also by 
minerals of the mica group. Although sodium and potassium 
are both contained in feldspar minerals, the presence of mica­
like minerals containing variable amounts of potassium may 
have an important bearing on the weathering reactions of po­
tassium in soils. 
Studies of the amounts of sodium and potassium in the 
different size fractions of soils have aided in an under-
stcinding of the probable forms of sodium and potassium min­
erals present. Hutton (33) found that little sodium was held 
in the clay-sized fraction of two Iowa soils. His data show 
that practically no sodium is held in the fraction less than 
0.06 micron in diameter and very little in the O.S to 2.0 
micron fraction. A considerable amount of sodium is found, 
however, in the silt fractions of from 5 to 20 microns and 
30 to 50 microns in diameter. In contrast to sodium, po­
tassium was found in appreciable amounts in the colloid of 
less than 0,0S micron in diameter and in many cases was 
most concentrated in the fraction of 0.2 to 3.0 microns in 
diameter. Considerable amounts were also contained in the 
fine silt. 
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It is generally believed that the potassium contained in 
minerals of the very fine fraction of midwestern soils is in 
a micaceous mineral. Russell and Haddock (48) concluded that 
the several Iowa soils which they studied contained appreciable 
amounts of illite. No data are available as to the nature of 
the potassium bearing minerals in the silt-size fraction of 
Iowa soils but it appears rather certain that minerals of mica 
and feldspar groups contain nearly all of the potassium. It 
has been shown that potassium can exhibit fixation and release 
reaction in the soil and a good share of this has been attri­
buted to minerals of a micaceous nature. A great deal of work: 
has been accomplished on' characterizing these reactions. This 
has lead to the belief that soluble xx^taasium can enter into a 
nonreplaceable state with these minerals and in return be 
slowly released to replaceable forma. These reactions occur 
v/ithout greatly altering the structure of the mineral. Thus 
the amounts of potassium in replaceable forms has been pic­
tured as being in equilibrium vdth the potassium in nonreplace­
able forms (67). 
From the above discussion it can be seen that reactions 
which potassium can undergo in soils are rather complex. In 
contrast the chemistry of sodium in soils appears much sim­
pler. Sodium has never been shown to exhibit fixation re­
actions such as potassium and from a consideration of the min­
erals containing sodium, one would not expect it to do so. It 
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has been shown that sodium is not hold to any appreciable 
extent in the clay fraction of soils and is not found in mica-
type minerals as is potassium. Thus it seems that conversion 
of sodium from nonreplaceable to replaceable forms in soils 
v;ould necessitate a weathering or breakdown of the primary 
mineral. Pots-ssium held in feldspar type minerals probably 
behaves in a similar manner but the cycle of potassium in 
soils may be largely controlled by reactions in mica or illite 
type minerals. Although no proof can be cited it seems possi­
ble that potassium could be v/eathered from a feldspar type min­
eral and in turn fixed by a mica-like mineral in the same soil. 
Since coil is such a heterogeneous system one cannot separate 
reactions of this type but can only mfiasure the sum of all 
reactions. 
A consideration of the rates of release with time for 
sodium and potassium seem to indicate the type of release re­
actions operative. A rather continual release of sodium 
throughout the incubation period would be expected if sodium 
is weathered from a mineral of the feldspar type. On the 
other hand the large amount of potassium released v.'hile the 
soils were drying after the extraction procedure appears to 
be a shift in the distribution of potassium in micaceous min­
erals. Another rather large release v/as found during the 
first GO days of incubation with little if any released after 
that time. It seems unlikely that the large initial relev9.se 
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of potassium is due to an actual breakdov/n of the primary 
mineral as oonditions v/ere not drastic. Furthermore a 
v;eathering of primary potassium minerals would be expected 
to act in a manner similar to sodium. It is suggested that 
the potassium release during the drying period was some meas­
ure of the release from a shift in the release-fixation mech­
anism while the release during the 360 day incubation period 
was dxie to an actual v/eathering of the primary minerals. 
The large amounts of potassium released during the dry­
ing period agree v/ith the work of Attoe (3). He found that 
v/hen soils were taken directly from the field and replaceable 
potassium v;as determined before and after drying, an increase 
in replaceable potassium due to drying had occurred. When the 
same soils were fertilised with large amounts of potassium and 
then dried, potassium fixation occurred. Under the conditions 
studied here where the original replaceable potassium had been 
removed, one then would expect a release to occur due to dry­
ing. Just how drying affects the mechanism is not clearly 
understood, 
Lawton (35), and Hutton (33), and Allaway and Pierre (l) 
have made similar potassium release studies on Iowa soils. 
Lawton found large amounts of potassium released in the first 
30 days of incubation, following removal of all the replace­
able potassium, with smaller amounts being released at later 
periods of time. His procedure was similar to the procedure 
—48-* 
used in this study except that he did not determine the 
amounts of potaasium released diie to drying. 
Lr.wton found rauoh larger amounts of potassium released 
during incubation for one year than was found here. It appears 
that a possible reason lies in the more drastic preleaching 
treatment used in this study. Hutton*8 and Allaway's release 
values were more nearly of the order reported in this study 
although comparisons cannot be made directly due to dif­
ferences in methods. 
Considerable more sodium vf?3 released during the 360 days 
of incubation than was potassium. The rnnge in the amounts of 
sodium released during the years incubation is from 0.05 to 
0.35 M.E. with an average of 0.17 M.E. per 100 grams. The 
amounts of potassium released vary from 0.03 to 0.35 M.E. with 
an average of 0.12 M.EI. per 100 grams. The soils originally 
contained an average of 0.09 and 0.50 M.E. per 100 grams of 
rei:)laceable sodium and potassium, respectively. The large 
amounts of 'sodium released in comparison vdth potassium seem 
rather unusual since it has been showi that soils ordinarily 
contain much less replaceable sodium than potassium. The more 
rapid release of sodium than potassium from soils is in agree­
ment with the rates of release of these tv/o elements from rocks 
as reported by a number of workers (21, 37, 57). It is not 
certain, hovvever, that conclusions as to the comparative rates 
of release of sodium and potassium over as short a period of 
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time as was used in this study is entirely valid. Fixation-
release reactions in micaceous minerals may distort the rates 
of release of potassium over a short period. 
Bince more sodium was released during 360 days incubation 
than was originally present in replaceable form, the question 
immediately arises as to why the soils do not contain more 
replaceable sodium. Undoubtedly sodium release may not occur 
so rapidly under field conditions, yet it probably occurs at 
a significant rate. The work of stauffer (56) in Illinois 
using lysimeter studies on similar soils as the ones reported 
in this study, seems relevant here. He analyzed the drainage 
waters of a number of soils and found large amounts of sodium. 
Although no analysis of the original replaceable cations were 
given, it seems certain that much larger proportions of sodium 
were being leached than of the other cations. Over a period 
of three years eight times ae much sodium as potassium, on a 
weight basis, was found in the drainage water. 
The large amounts of sodium in the B horizon of some of 
the soils studied appear to have accumulated there because of 
a restricted drainage rather than because of a high rate of 
release, since these same samples released very small sjnounts 
of sodium. Of course it is possible that this concentration 
is due to a high rrte of release in the past but this does not 
seem likely since soils such as Shaxpsburg show no concentration 
now, yet release relatively Isrge amounts of sodium. The reason 
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potasaiura is not ns'-^rly as easily leached as sodium is that 
potassium ions are more tightly held to the clay. Moreover, 
plants undoubtedly play a much greater pnrt in returning po­
tassium than in returning sodium to the surface uoil. Most 
cultivated and native plants of this area contain lauch larger 
amounts of potassium than sodium. 
It is difficult to generalise on the relation between re­
lease va.lues and soil types, parent material or degree of soil 
development. Certain relations are shown, however. The low­
est potassium release values are for soils developed from 
lowan till and associated loess (Oarrington and Floyd) and 
from loess apparently blo'^n off the lowan till sheet (Fayette). 
These BB.rae soils are not particularly lov/ in release of sodium. 
Ad was shovm in Figures 3 and 4, sodium release appears to be 
low in the B horizon of soils where marked horizon differen­
tiation has occurred ("Edina, Haig, Marion, and V?eller) or Yihere 
soils have been developed from a relatively \7eathered rrinterial 
(Oarrington, Floyd) and are very plastic. Potassium release 
is also lov; for these horizons. There is considerable dif­
ference in both sodium and potassium release betv/een the Fayette 
samples from Allamakee and Jackson counties. This may indicate 
a difference in pa.rent material as the tv.-o locations are widely 
separfited. 
Hutton (33) made some potassium release studies for the 
surface horizon of a number of soils from southern Iowa de­
veloped from loess of the same source. Three of the soils 
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studied were the same as were studied here. In Huttoris work 
potasaium release increased as one progressed through the Ida, 
Monona, and Marshall soils, reaching a maxinium in the Sharps-
burg and then decreasing. Figure 7 shovv's sodium and potassium 
release in the surface horizon of a Marshall, Sharpsburg, 
Haig, Seymour, and Edina soil. The Haig soil is associated 
with the Grundy soil of Hutton'e study. The data reported 
here shows the same relation for potassium release as was 
found in Hutton's study. A similar relationship also holds 
for sodium release although the trend to lower replacement 
in weathered soils is not as evident for potassium ?.s for 
sodiiira. 
The small amounts of sodium in replaceable form in well 
drained soils is apparently due to a leaching of this cation 
and is not due to primary sodium minerals being highly re­
sistant to weathering. When drainage in restricted, such as 
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Fig, 7. The xelease of sodium and potassitun from nonreplaceable 
to replaceable forms from the A horizon of five soils 
derived from loess in southwestern Iowa, 
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THE REGIPROOAL EFFECTS OF SODIUM AND POTASSIUM 
FERTILIZATION ON GROP YIELDS AND COMPOSITION 
Introduction 
The response of certain crops to sodium fertilization 
has been the subject of a number of investigations. Little 
consideration has been given, however, to the effect of dif­
ferent levels of potassium upon this response. Moreover, the 
work has been largely concentrated in Europe and in the east­
ern and southern sections of this country. Likewise the crops 
commonly grown in Iowa have not been adequately compered as to 
their relative abilities to respond to sodium fertilization. 
It was the purpose in this phase of the study to deter­
mine the effect of sodium fertilization on the yield of dif­
ferent crops at different potassium levels on several soils. 
This should give information which would answer the following 
questions (a) V»hat crops will respond to sodium fertilization, 
(b) How does the available potassium supply in the soil effect 
the response of crops to sodium, (c) How does the available 
sodium level in the soil effect the response of crops to po­
tassium, (d) How is the oomposition of crops related to 
levels of sodium and potassium in the soil. 
Sugar beets were chosen for the field study because 
they have been shown to respond to sodium fertilization and 
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becauae a considerable acreage is grown in lov/a. It was be­
lieved that field data on this crop v;ould give preliminary 
inform&tion concerning the possible response of other crops 
to sodium under Iowa conditions as well as direct informa­
tion on the yield and sugar content of sugar beets. 
Four crops were chosen for greenhouse studies. These 
were garden beets, flax» oats, and corn. They are believed 
to represent a range: from a crop which responds very mark­
edly to a crop which responds little, if any, to sodium ferti­
lisation. Garden beets were chosen in preference to sugar 
beets as it was believed that they would lend themselves 
better to greenhouse pot studies. The crops vexe studied un­
der several soil conditions in an attempt to find how the 
response was related to soil properties. Plant composition 
studies were also conducted to aid in interpretation of yield 
results as well as to get at some of the principles of sodium 
uptake. 
Experimental Methods 
Field procedure with sugar beets 
In the spring of 1947, four fields of sugar beets were 
selected in cooperation with farmers to conduct side dressing 
experiments with sodium fertilizers. The locations were 
chosen after the beets were above ground so that the stands 
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of sugar beets could be observed. The beets had received a 
basic application of fertilizer at the time of planting. The 
amounts of fertilizer applied, the location of the fields, 
the names of the cooperators, and some data on soil properties 
are given in Table 5. The plots were fifty feet long B.nd four 
rows V7ide. The width between the rows was twenty inches. A 
randomized block design waa used. The treatments consisted 
of 0, 300 and 600 pounds of sodium chloride, with four or 
six replications on each field. A high grade of comraercial 
table salt was applied with a small garden drill in a furrow 
about four inches from the plant and about two inches deep. 
The beets were harvested and weighed by hand. 
As the 1947 data appeared encouraging, a aomev;hat more 
extensive study was planned in 1948. Again four fields were 
selected and the methods were the same as in 1947, The loca.-
tions, cooperators, basic fertilizer applications, and some 
soil properties are given in Table 5. It was felt that a 
study of potassium along with sodium might give more basic 
information. Accordingly, a design using treatments of 0, 
200 and 400 pounds of sodium chloride per acre, vdth and 
without potassium fertilizer was adopted. Six replications 
were employed in all fields. The amount of potassium ferti­
lizer was adjusted so that it wsa chemically equivalent to 
the 200 pound per acre application of sodium chloride. Com­
mercial 60 percent muriate of potash fertilizer was used as 
-56-
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Table 5. Information Concerning the SoilB on V/hich Sugar 
Beet Field Trials were Conducted in 1947 and 
1948. 
File 













)7ebster Silt Loam 
Clarion Silt Loam 
Y/ebster Silt Loam 
Webster Silt Loam 
Webster Silt Loam 
Webster Silt Loam 
YL S. Smith 
J. Dietz 
E. Kfihl 
Crystal Lake Exp. Farm 
A. Kramer3meier 
E. Hofmann 
Wicollet Silt Loam G, Schmidt 
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the source of potaasixim and a high grade of table salt was 
used as a source of sodium. 
The sucrose content of the harvested beets was deter-
iQined by the American Crystal Sugar Company on samples se­
lected at random from each plot. 
Greenhouse studies 
During the fall of 1946, bulk samples of soils from 
three locations were collected for greenhouse study. Perti­
nent data concerning these soils are presented in Table 6. 
Tne soils were taken to the greenhouse, dried, sieved through 
a quarter inch screen, and thoroughly mixed. Eight kilograms 
of soil were placed in two-gallon glazed earthenware pots. 
This filled the pots to vdthin approximately one inch from 
the top. The soil received a basic application of 60 pounds 
of P2O5 3^ calcium monophosphate and 40 pounds of nitrogen as 
ammonium nitrate per acre with four additional applications 
of 20 pounds each of nitrogen during the growing season. 
It was felt that in order to study the relation of sodium 
to potassium fertilization and the possible substitution of 
one for the other, it v/ould be necessary to design the ex­
periments so that chemically equivalent amounts of these two 
elements could be compared. Accordingly a design using three 
rates of sodium and three rates of potassium with all possible 
combinations of the two elements was used. The rates of po-
Table 6. Some Chemical Characteristics of Soils Used for Greenhouse Study 
During 1947 and 1948. 
Replaceable Cations in 
File 









F223 Harpster silt loam 0.05 0.18 19 7.9 
F217 Clarion loam 0.07 0.26 — — 6.5 
F219 Harpster silt loam 0-09 0.25 ~ 19 7.9 
F362 Harpster silt loam 0.07 0.19 23.1 6.01 21 8.0 
F361 Carrington loam 0.09 0.22 10.8 2.92 — 5.7 
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tassium were 0, 50» and 100 pounds per acre with equivalent 
quantities of sodium making up the sodium treatments. The 
exact treatments are listed v/ith the experimental results in 
a later section. Three replications were used in all cases. 
Flax (Royal variety) was pla.nted on the Harpster (F223), and 
Clarion (F217) soils on March 24, 1947. The plants were 
thinned to six per pot. The flax was harvested when the 
grain ws-s mature, on July 4, 1947. 
Oats (Clinton variety) were planted on a Harpster soil 
(F219) on April 16, 1947, and thinned to six plants per pot 
soon after they emerged. They also were harvested when the 
grain was mature, on June 29, 1947. 
The harvested plants vere separated into grain and straw 
and dried at 100*^ C, before v/eighing. 
Two soils were selected in the fall of 1947 for further 
work in the greenhouse. They both ^ere relatively low in re­
placeable sodium and potassium but v?.ried widely in other pro­
perties, especially in calcium and magnesium saturation. The 
Harpster soil contained twenty-one percent free calcium car­
bonate whereas the Carrington soil had a pH of 5.7. The data 
are presented in Table 6. It was thought that the results on 
these soils would give valuable compsirisons of sodium and po­
tassium response on two soils which represent large areas of 
potassium deficient land. 
The soils were prepared and measured into the pots in ex­
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actly the same manner aa in 1847, The treatments rvere changed 
slightly from the 1947 experiments. Phosphorus wns applied as 
monooalcium phosphate at the rate of 200 pounds P2O5 per acre. 
Nitrogen was applied at the rate of 80 pounds of nitrogen as 
ammonium nitrate per acre vjith additional amounts as needed. 
The experimental design v/as the same as in 1947 except that the 
potassium rates viexe increased to 0, 75, and 150 pounds potas­
sium per acre with corresponding increases in sodium. Four 
replications were used in all casesi 
Four crops representing ones that absorb large, medium, 
and small amoimts of sodium were selected for the 1948 work. 
On January 10, 1949, beets (Early Blood variety), flax 
(Koto variety), and oats (Clinton variety) were planted on 
both the Carrington and Harpster soils. The beets were 
thinned to four plants per pot soon after emergence. The 
oats and flax were thinned on February 13 and March 25, re­
spectively, the removed material being saved for chemical 
analysis. Corn was planted on March 15, 1948 and harvested 
April 26. Four plants per pot were allowed to remain after 
emergence in the case of corn and were approximately three 
feet tall at the time of harvest. The beets were about 12 
inches tall at time of harvest and the oats and flax were 
grown to maturity as in 1947. The beets, oats and flax were 
harvested on March 18, June 1, and June 3, respectively. 
The harvested plants were separated into grain and straw 
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in the case of oats and flax and into roots and foliage in the 
case of beets. The entire aerial portion of the plant was 
harvested in the corn experiment. All plant parts were dried 
at 100® 0. before weighing except in the beet experiment where 
both green and dry weights were obtained. 
Chemical procedures 
The dried plants were ground in a Christy-Norris mill. 
One-gram samples of oven dry beet and oat foliage and tv/o-gram 
samples of oat grain and corn were digested by the method of 
Gieseking et al. (go)* The digested material was diluted vilth 
water, filtered, ajid made to a final voliime of 50 ml. Calcium 
was determined by the oxalate method using a 10 ml. aliquot in 
all cases except for the corn vjhen a 5 ml, aliquot was used. 
Magnesium was determined by the methods of Drosdoff and Nearpass 
( except that a slightly stronger concentration of dye was 
used and twice the volume of reagents were used so that the 
final volume could be made to 100 ml. instead of 50 ml. An 
Evelyn photoelectric colorimeter employing a 515 milli micron 
filter was used for the magnesium determination. One ml, 
aliquots were used for samples from the beet and corn diges­
tions and 5 and 4 ml. aliquots were used from the oat foliage 
and oat grain digestion, respectively. The procedure employed 
for making sodium and potassium determinations with the flame 
photometer was that previously described except that the aolu-
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tion was made up in 0.1 normal nitric acid and calcium was 
not precipitated previous to sodium determination. Standard 
solutions showed that calcium did not interfere in the con­
centrations present. Ten ml. aliquots of the digestion in 
the case of the oat foliage, and 5 ml. aliquots in the case 
of beets and corn were made to a final volume of 100 ml. be­
fore reading on the flame photometer. Five and twenty-five 
ml. aliquots diluted to 100 ml. v/ere used for potassium and 
sodium, respectively, in the case of the oat grain. 
Experimental Results 
Field experiments vrith sugar beets 
The summer of 1947 was oharacteri25ed by an extremely wet 
spring and early summer with a very dry, warm late summer. 
These conditions contributed to rather low beet yields. The 
beets grovm in the sodium treated plots appeared to have a 
slightly more yellow color toward the end of the growing 
season with possibly a slight increased foliage growth. The 
yield data are given in Table 7. An increase in yield of 
commercial roots was obtained on all four fields from appli­
cations of sodium chloride. The 600 jjound application ap­
peared to give no better yields than half this quantity. 
Average response from 300 pounds of sodium chloride was 
0.48 tons per acre. 
Excellent growing conditions were prevalent during the 
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Ta.ble 7. The Effect of Sodium Chloride Additiono on the 
Yield of Sugar Beets in 1947. 
Treatment 













Tons per acre 
Check 10.12 9.62 6.62 8.79 9.11 
150 9.27 
300 10.78 9.94 7.06 9.36 9.62 
600 10.90 9.78 7.05 9.24 
^Least significant difference 0.38 tons per acre 
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1948 growing season, and very good yields v/ere obtained. 
During the middle of the growing season the beets supplied 
with sodium chloride appeared to have a better foliage growth 
and a lighter, slightly more yellow color. This was par­
ticularly noticeable on the Hofmann and Kramersmeier fields. 
The leaves of the sodium treated beets also appeared more 
turgid than the leaves grov/n on the check plots. This was 
more evident on a few very v/arm afternoons when the beet 
leaves tended to wilt. In these instances the sodium treated 
beet leaves v/ere less wilted. Toward the close of the growing 
season visible evidences of differences in top growth disap­
peared, although the color of the leaves remained and the 
beet plants appeared more mature. 
The yield increases from sodium and potassium fertilizers 
•I 
are shown in Table 8. In only a few oases did the yield of 
the treated plot exceed the check plot yield plus the least 
significant difference. On the Schmidt field (F451), the 200 
pound application of sodium chloride and the potash treatment 
gave Qignificant responses. The treatment of 400 pounds 
sodium chloride plus potash gave a significant increase on the 
Hofmann field. l;.'hen one considers the average for all fields, 
significant increasea are shovm when sodium and potaasivim were 
applied. The treatments of both sodium and potassium appear 
to give near significant yields. The average sugs.r yields 
for the four 1948 fields are given in Table 9. This shows 
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Table 8. Yields and Sucrose Content of Sugar Beets Side-
dressed -with Sodium and Potassium chlorides in 1948. 
Schmidt (F452) Schmidt {F451) Hofmann F(450 
Yield Yield Yield 
Treatment^ Tons/Acre Sucrose Tons/Acre fo Sucrose Tone/Aorei 
Check 21.13 15.07 19.82 16.10 16.90 
1 Na 21. S3 15.20 20.78 16.17 16.80 
3 Na 21.22 15.85 19. 35 17.28 16.92 
1 K 22.33 15.78 20.65 16.78 17.15 
1 Na 1 K 23.22 15.33 19.85 16.77 17.28 
2 Na 1 K 22.16 15.45 19.55 16.98 18.48 
L.S.D. 2 1.18 0.25 0.70 0.24 0.49 
^ 1 Na and 2 Na equals 200 and 400 pounds of commercial grade ' 
pounds of oommercial 60fo muriate of potash per acre and is 'ohemi 
2 Least significant difference at the 5 percent level. |C 
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3 in 1948. 
H o f m a n n F ( 4 5 0 ) K r a m e r a m e i e r  ( F 4 4 9 ) A v e r a g e  
Yield -Yield Yield 
se TonB/Aore % Sucrose Tons/Acre fo Sucrose Tons/Aore ^/o Sucrose 
0 16.90 17.58 18.43 10.17 19.07 16.73 
7 16.80 18.02 18.93 18.20 19.45 16.90 
8 16.93 18.23 19.30 18.62 19.20 17.50 
8 17.15 18.03 17.80 18.65 19.48 17.31 
7 17.28 17.93 19.13 18.63 19.87 17.16 
8 18.48 18.23 18.42 19.12 19.65 17.44 
4 0.49 0.14 0.52 0.17 0.45 0.07 
i-iai o-raHp sodlum chloride per acre, respectively. 1 K equals 270 




Table 9. Yields of Sugar from Sugar Beets Fertilized 
with Sodium and Potassium Chlorides.^ 
Yield of Sugar Per Aore 
NaCl Application With 270 pounds 
lbs, per aore Vjithout KCl KCl Per Acre 
Pounds per Acre 
N one 6380 6740 
200 5580 6820 
400 6720 6860 
^Average of Kramerameier, Hofraann, and two Schmidt 
fields. 
-67-
nearly 500 pounds of sugar per acre was produced "by the 
addition of sodium and potaeaiura chlorides. 
Both aodium and potassium gave significant increases in 
sugar content on all four fields. The 400 poimd per acre 
treatment of aodium chloride was much more effective in in­
creasing the sucrose content than was the 200 pound treatment. 
Although potassium was about as effective in increasing sugar 
percentages as was the heavy rate of sodixim, the combination 
of potassium and aodium was not any more effective than either 
applied alone. 
Greenhouse results 
Yields 1947. Flax and oats were selected for"rather de­
tail studies in 1947 "because they are crops which absorb rather 
large amounts of sodium and are commonly grown in Iowa. 
The results shovna in Table 10 indicate that aodium gave a 
beneficial response in the production of flax grain in both 
soils; however, little response v;as found in the production of 
straw, or total dry matter. On the Harpster soil, sodium in­
creased the yield of flax grain at all potassiiim levels. On 
the Clarion soils, however, no response was obtained from 
sodium vifhen potassium was added. 
Potassium appeared to be slightly more effective in in­
creasing yields than sodium at equivalent levels on the 
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Table 10. The Effect of Sodium and Chloride Additions in the 
Yields of Flax and Oats Grown in the Greenhouse in 
1947. 
Treatment Yield in Grams Per Pot 
Lbs. per 2>000,000 
Level Iba. BoU Grain Straw Total Grain-Straw 
Na K Ratio 
Flax (Harpster silt loam F223) 
Cheok 0 0 4.74 30,4 35.2 0.16 
1 Na 29.5 0 5.79 29.4 35.2 0.20 
2 Na 59 0 7.19 29.4 36.6 0.24 
1 K 0 50 6.17 29.5 35.7 0.21 
1 Na-vl K 29.5 50 8.92 29.8 38.7 0.30 
2 Na+ 1 K 59 50 7.72 29.8 37.5 0.26 
2 K 0 100 7.83 30.4 38.2 0.26 
1 Na + 2 K 29.5 100 8.26 29.8 38.1 0.31 
2 Na + 3 K 59 100 8.48 31.9 40.4 0.27 
Flax (Clarion loam F217) 
Check 0 0 3.86 14.8 18.7 0.26 
1 Na 29.5 0 4.96 18.0 23.0 0.28 
2 Na 59 0 4.87 16.7 21.6 0.29 
1 K 0 50 4.44 16.0 20.4 0.28 
1 Na+1 K 29.5 50 4.44 15.8 20.4 0.28 
2 Na-fl K 59 50 4.19 15.9 20.1 0.26 
2 K 0 100 4.32 15.2 19.5 0.28 
1 Na+2 K 29.5 100 4.38 16.3 20.7 0.27 
2 Na + 2 K 59 100 4.65 15.6 20.2 0.30 
Oats (Harpster silt loam F219) 
Check 0 0 8.1 11.7 19.8 0.69 
1 Na 29.5 0 9.6 13.5 23.1 0.71 
2 Na 59 0 10.1 13.6 23.7 0.74 
1 K 0 50 8.7 13.1 21.8 0.66 
1 Na4-l K 29.5 50 9.2 13.5 22.7 0.68 
2 Na4l IC 59 50 11.4 16.1 27.5 0.71 
2 K 0 100 9.3 13.4 22.7 0.69 
1 Na4 2 K 29.5 100 11.4 15.8 27.3 0.72 
2 Na-f2 K 59 100 12.5 14.8 27.3 0.84 
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Harpster soil. The beat yields were obtained, however, vfhen 
both sodium and potassium were added at equal rates. This 
might suggest that sodium may substitute for potassium in part, 
but that sodium and potassium also have separate functions. 
The flax grovm on Clarion soil showed little sodium or 
potassium deficiency. The best yields were obtained when 
sodium was added vdthout potassium, indicating that sodium may 
have a separa-te function from potassium. However, all treat­
ments showed some increase in yield of grain. 
It is difficult to relate the differences in response to 
the amounts of replaceable sodium and potassium in the soil, 
probably because of their widely different nature. The Harp­
ster soil is highly calcareous and the Oiarion is an acid soil 
of moderate fertility (Table 6). It appears that the reason 
for the smaller response on the Clarion soil as compared to 
the Harpster is due to differences in replaceable sodium and 
potassium. Both sodium and potassium gave responses on the 
two soils studied with indications that eaoh had separate 
functions as well as the ability to replace one another. 
Both sodium and potassium increased yields of oat grain, 
straw, and total dry matter on Harpster silt loam (Table 10). 
Sodium appears more effective in increasing yields than does 
potassium; however, the best yield was obtained when both 
sodium and potassium v/as added at the largest rates. Total 
yields indicate that sodium and potassium were both needed 
but that some replacement of one for the other is possible. 
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Soil analysis showed the soil to be low, but not extremely 
low, in both replaceable sodium and potassium (Table 6), 
Yields 1948. The yield data are presented in Table 11 
and Figures 8 and 9. 
Beets. The responses to both sodium and potassium 
v/ere large. Sodium said potassium, appear to be equally bene­
ficial on both soils which indicates there was complete sub­
stitution of sodium for potassitim. The best yields were ob­
tained, hovjever, when both elements were supplied together 
vi^hich may mean that each element also had functions which it 
alone could perform. This conclusion, however, is justified 
only if the 2K level of potassium was enough to produce opti­
mum yields. 
The response in yield due to treatment was much greater 
with the Oarrington soil than with the Harpster soil. Very 
little growth was obtained on the Oarrington soil when no so-
dium or potassium was applied. The beet leaves obtained with 
this treatment and to a lesser extent with the 1 Na and 1 K 
treatments were characteriaed by a red coloration with a few 
green raottlings and usually green veins. There v;as no visible 
difference in the symptoms on the 1 Na and the 1 K treatment. 
Similar symptoms have been reported by Harmer and Benne (24) 
and Sayre and Shafer (50) as sodium deficiency symptoms. 
TalDle 11. The Effect of Sodium and Potassium Chloride Additions to the Soil on the 
Yields of Garden Beets, Flax, Oats, and Corn Grotm in the Greenhouse. 
Treatment 
Lhs. per 3,000,000 Garrington Loam (F361) Harpster Silt Loam (F362) 




& Root & Root 
Foliage Roots Total Ratio Foliage Roots Total Ratio 
Check 0 0 4.19 0.54 4.73 7.8 9.89 3.18 13.07 3.1 
1 Na 44.2 0 8.63 1.48 10.11 5.8 10.01 4.87 14.88 2.1 
2 Ka 88.4 0 9.58 2.41 11.99 4.0 11.42 5.46 16.88 2.1 
1 K 0 75 8.13 1.24 9.37 6.6 11.48 5.20 16.68 2.2 
1 Na+1 K 44.2 75 10.55 2.48 13.03 4.3 11.47 5.76 17.23 2.0 
3 Ha+1 K 88.4 75 10.96 3.38 14.34 3.2 11.23 6.64 17.87 1.7 
2 K 0 150 10.12 2.26 12-38 4.5 11.78 5.51 17.29 2.1 
1 Ka+2 K 44.2 150 10.40 2.65 15.05 3.9 11.00 6.00 17.00 1.8 




Grain Straw Total Ratio 
Grain & 
Straw 
Grain Straw Total Ratio 
Check 0 0 0.50 15.6 16.1 0.03 4.77 28.4 33.2 0.17 
1 Ha 44.2 0 0.71 14.8 15.5 0.05 4.29 27.4 31.7 0.16 
2 lla 88.5 0 1.77 17.4 19.2 0.10 4.90 27.4 32.3 0.18 
1 K 0 75 3.01 18.5 20.6 0.11 4.99 26.3 31.3 0.19 
1 Na+1 K 44.2 75 1.85 20.4 22.2 0.09 4.30 28.3 32.6 0.15 
2 Na+ 1 K 88.5 75 1.84 19.0 20.8 0.10 4.48 24.6 29.1 0.18 
2 K 0 150 2.86 22.9 25.8 0.12 4.13 26.4 30.5 0.16 
1 Na+ 2 K 44.2 150 2.93 20.8 23.7 0.14 4.31 28.4 32.7 0.15 
2 Ua+2 K 88.5 150 2.75 21.0 23.8 0.13 4.16 26.4 30.6 0.16 
Table 11 continued 
Treatment 
Lbs. per 2,000,000 Carrington Loam (F351) Harpster Silt Loam (F362) 
Level lbs, soil Dry Matter in Grams aer Pot Dry Matter in Grams per Pot 
Na K 
OATS 
Grain & Grain & 
Straw Straw 
Grain Straw Total Ratio Grain Straw Total Ratio 
Check 0 0 17.0 20.2 37.2 0.84 24.6 26.7 51.3 0.92 
1 Na 44.2 0 21.4 20.5 41.9 1.04 26.4 27.5 53.9 0.96 
3 Na 88.4 0 23.7 26.2 49.9 0.90 28.4 24.8 53.2 1.14 
1 K 0 75 24.8 26.2 51.0 0.95 26.6 27,8 54.4 0.96 
1 Na+1 K 44.2 75 24.1 28.3 52.4 0.85 24.8 24.7 49.5 1.00 
2 Na+1 K 88.4 75 23.8 28.5 55.3 0.94 28.7 28,8 57.5 1.00 
2 K 0 150 26.4 26.4 52,8 1.00 26.0 25.7 51.7 1.01 
1 5ra+2 K 44.2 150 25.6 28.0 53.6 0.91 24.5 26.9 51.4 0.91 




Check 0 0 15.8 15.7 
1 Na 44.2 0 16.4 17.9 
2 ITa 88.4 0 16.5 15.7 
1 K 0 75 18.3 18.8 
1 Na+1 K 44.2 75 18.4 20.3 
2 Na+1 K 88.4 75 17.5 17.3 
2 K 0 150 18.9 23.4 
1 Na+2 K 44.2 150 18.9 21.6 




^ -1 d} X 
w 
2.3 2.6 4.5 
1.2 2.5 3.4 




^ 1 <y J-
5.5 6.0 7.5 
5.2 5.8 5.6 




2 2.9 2.9 2.8 
iH 0) 
O 1 2.0 1.8 1.8 




2 4.1 4.3 4.1 
r-l 
<D 
«1 5.0 4.3 4.5 
0 4.8 4.3 4.9 
0 12 
Na Level 
HARPSTER SILT LOAM 
Fig, 8. The yields in grama per pot of garden beets and 
flax fertilized with sodium and potassium and 
grown in the greenhouse. (K levels of 0, 1, and 2 
are equal to 0, 75, and 150 lbs. K per 2,000,000 
lbs. soil, respectively; Na levels of 0, 1, and 2 
are equal to 0, 44.2 and 88.4 lbs. Na per 2,000,000 
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HARPSTER SILT LOAM 
Fig. 9. The yields in grams per pot of oats and corn 
fertilized vdth sodium and potaseium RUd grown 
in the greenhouse. (K levels of 0, 1, and 2 are 
equal to Oi 75, and 150 lbs. K per 2,000,000 
llos. soil respectively; Na levels of 0, 1, and 2 
are equal to 0, 44.2, and 88.4 lbs. Na per 2,000,000 
lbs. soil, respectively) 
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The foliage-root ratios show that when sodium or po­
tassium is deficient, the foliage growth is proportionately 
much better than the root growth. In other vrords a satisfac­
tory foliage growth has to "be made before any roots can be 
developed. 
Percent dry matter determinations on the beets were made 
on both the roots and leaves on both soils. In the case of 
the Oarrington soil the dry matter percentages of both the foliage 
and roots were decreased when sodium or potassium was applied. 
The dry matter percentages of the foliage of the beets grown 
on the Harpster soil were also decreased. 
The Oarrington soil proved to have less availa.ble so­
dium and potassium than the Harpster soil as judged by plant 
growth response, even though the replaceable amounts of sodium 
and potassium were slightly greater. 
Flax. The flax grown on the Oarrington soil re­
sponded to both sodium and potassium additions. The results 
indicate, however, that sodium could not entirely replace po­
tassium and that when potassium was supplied in large quanti­
ties no response to sodium was obtained. The flax grown on 
the Harpster soil showed no response to either sodium or po­
tassium. 
It is difficult to understand why the flax grown on the 
Harpster soil failed to respond to sodium or potassium ferti­
lization. The Harpster soil used for the 1948 studies (F361) 
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7/as taken from the same field as the Harpster soil upon vihich 
flax was grown in 1947 (F333). The soil da.ta given in Table 
6 show these two samples to be nearly the same in replaceable 
sodium and potassium, pH, and percent calcium carbonate 
equivalents. Even though soil conditions were almost exactly 
the same, response was rauoh greater in 1947. A disease in­
jured the flax in 1948 which materially decreased the total 
growth as compared with 1947. Brown spots developed on the 
lower leaves that soon spread to the entire leaf and slowly 
spread to the entire plant. Bo"th the Carrington and Harpster 
soils were effected by the dieease in 1948. The poor growth 
and resulting smaller needs for sodium and potassium probably 
accounts for the lack of response to sodium and potassium 
additions to Harpster soil. 
Oats. Some response -to the high amounts of sodium 
is evident on the Harpster soil but little response to potassi\im 
is found. This may indicate that sodium performs a function that 
is not served by potassium. On the Oarrington soil a response to 
both sodium and potassium is observed; however, potassium seems 
more effective in increasing yields than is sodium. At the 
high rates of potassium, sodium did not have any affeot but 
potassium did increase yields at; the high rate of sodium. This 
indicates that sodium may be able to replace a part of the po~ 
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taasium, but not all of it. 
Corn. Sodium was not able to increase yields on 
either the Carrington or Harpster soil although potassium was 
very effective. Therefore it seems clear that sodium cannot 
substitute for potassium in the nutrition of corn. 
The relative response to potassium was much greater 
in the case of the Harpster than on the Carrington soil. 
This is the reverse of v/hat was true for the other three 
crops. 
Cation content of beets, oats and corn. The results 
of this phase of the experiment are given in Table 12 and 
Figures 10, 11, 12, 13, and 14. 
Deets. Sodium applications to the soil increased 
the sodium content of the plant at all levels of potassium. 
The plants contained nearly as much sodium at the 2 K level as 
when no K was added. The plants grov^n in the check pots of the 
Oarrington soil contained nearly three times as much sodium as 
the plants grown in the Harpster soil while the reverse was 
true for potassium. Potassium additions increased the po­
tassium content of the plants at all sodium levels but was 
less effective at the 2 Na level. Sodium additions decreased 
Table 12. The Sodium, Potassium, Calcium and Magnesium Content of Beets, Oats and 
Corn Grown on two Soils Fertilized with Sodium and Potassium Chlorides. 
Treatment Carrington Loam (F361) Harpster Silt Loam (F362) 
Lbs, -per 2.000,000 M.E. per 100 Grams M.E, per 100 Grams 
Level Na K ?Ja K Ca - Mff j. Total Na K Cd. Mf- Total 
GARDEN BEETS 
Check 0 0 78 18 134 201 431 30 64 157 207 458 
1 Ka 44.2 0 123 17 101 152 393 79 47 131 210 470 
2 Na 88.4 0 161 18 87 153 419 116 44 131 212 504 
1 K 0 75 62 56 126 173 418 26 83 144 196 449 
1 Na-hl K 44.2 75 110 43 116 160 429 68 88 134 205 495 
2 Na-M K 88.4 75 152 42 105 142 441 130 68 132 188 518 
2 K 0 150 50 107 111 140 408 31 108 131 187 457 1 
1 Na+ 2 K 44.2 150 105 68 119 152 444 74 94 138 198 505 
1 SJ 
2 Ka+ 2 K 88.4 150 147 72 111 131 461 112 103 136 160 511 00 1 
OATS 
Checlc 0 0 81. 2 35.7 33.4 28.2 178 32.0 63, .6 30.5 29.6 156 
1 Na 44.2 0 36. 0 30.7 22.6 22.3 171 65.2 58. ,7 25.6 23.5 173 
2 Na 88.4 0 123. ,0 34.6 23.4 23.0 204 77.6 56. ,2 22.6 18.6 175 
1 K 0 75 42. ,1 102.0 25.6 21.0 191 19.0 105 23.6 18.5 166 
1 Na+ 1 K 44.2 75 59. 2 81.2 22.6 18.8 182 39.6 88. 3 23.8 17.3 169 
2 Ka+ 1 K 88.4 75 59. 2 88.3 23-6 15.6 187 53.2 90. 0 22.3 14.1 180 
2 K 0 150 29. 7 110 24.0 16.8 180 16.8 106 22.4 20.5 166 
1 Na+ 2 K 44.2 150 47. 4 79.8 23.7 15.4 166 32.0 108 22.6 13.7 176 
2 Na+ 2 K 88.4 150 41. 2 93.0 21.3 16.0 172 35.8 114 20.6 16.0 186 
OAT GRAIN 
Check 0 0 1. 8 31.0 10.2 12.8 56 0.7 30. 0 8.6 11.6 51 
1 Na 44.2 0 2. 2 29.4 7.6 12.9 52 1.2 30. 0 7.6 11.4 50 
1 K 0 75 0. 8 28.9 7.4 13.0 50 0.7 30. 0 8.1 10.0 49 
1 Ka^- 1 Z 44.2 75 1. 4 30.5 7.1 11.2 50 1.0 29. 2 7.5 11.2 49 
Table 13 continued 
Treatment Carrington Loam (F361) Haxpster Silt Loam (F362) 
Lbs, per 2.000.000 M.E. per 100 Grams M.E. per 100 Grama 
Level Na K K Ga Ms Total Na K Ca Me: Total 
CORM 
Check 0 0 <1 17.4 45.7 67.2 130 <1 16.0 50.0 78.1 144 
1 la 44.2 0 <1 18.6 44.4 69.6 133 <1 19.6 47.2 79.6 146 
2 Sa 88.4 0 <1 21.1 46.0 71.7 139 <1 20.8 52.0 75.3 148 
1 K 0 75 <1 22.4 39.0 56.2 118 <1 28.0 47.8 65.7 142 
1 Ka + 1 K 44.2 75 <1 16.2 41.0 51.2 108 <1 28.2 45.1 62.0 135 
2 Na + l K 88.4 75 <1 30.7 41.4 52.2 124 <1 27.5 49.3 72.4 149 M 
2 K 0 150 <1 38.5 37.5 44.4 120 <1 38.2 40.4 62.2 141 ' 
1 ira+2 E 44.2 150 <1 34.8 34.4 49.0 118 <1 34.8 43.2 62.3 140 

















































































Na Level in Soil 
HARPSTER SILT LOAM 
Fig. 10. Sodium and potassium content of beet foliage as 
affected by sodium and potassium fertilization 
of the soil. (K levels of 0, 1, and 2 are equal 
to 0. 75, and 150 lbs. K per aore, respectively; 
Na levels of 0, 1, and 2 are equal to 0, 44.2, 
and 88.4 lbs. of Na per aore, respectively) 
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OALGIUM 
(M.E. per 100 Grams) 
111 119 111 
136 116 105 
134 101 87 
0 18 
















Ma Level in Soil 
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Na Level in Soil 
HARPSTER SILT LOAM 
Fig. 11. Calcium and magnesium content of beet foliage as 
affected by sodium and potassium fertilization 
of the soil. (K levels of 0, 1, and 2 are equal 
to 0. 75, and 150 lbs. K per acre, respectively; 
Na levels of 0, 1, and 3 are equal to 0, 44.2, 












































































Na Level in Soil 
HARPSTER SILT LOAM 
Fig. 13. Sodium and potassium contents of oat foliage 
as affected by sodium and potassium fertiliza­
tion of the soil. (k levels of 0, 1, and 3 
are equal to 0, 75, and 150 lbs. K per acre, 
respectively; Na levels of 0, 1, and 3 are 



































































Na Level in Soil 
CARRINGTON LOAM 
Na Level in Soil 
HARPSTER SILT LOAM 
Fig. 13. Calcium and magnesium contents of oat foliage 
as affected by sodium and potassium fertilize." 
tion of the soil. (K levels of 0, 1, and 2 are 
equal to 0. 75, and 150 lbs. K per aore, re­
spectively; Na levels of 0| 1, and 3 are equal 
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Na Level in Soil 
Fig. 14. PotasQium, oaloium and magnesium contents of 
corn as affected by sodium and potassium ferti­
lization of the soil. (K levels of 0, 1, and 2 
are equal to 0, 75, and 150 lbs. K per acre, re­
spectively; Na levels of 0, 1, and 2 are equal to 
0, 44.2, and 88.4 lbs. of Na per acre, respectively. 
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the potassium content on the Carrington soil except v;hen no 
K Twas added and also at the no K and 1 K levels on the Harp-
ster soil but not at the 2 K level. Sodium was very effective 
in reducing the calcium content of the plant on the Carrington 
soil when no K was added and at the 1 K level but did not de­
crease the calcium content at the 2 K level. Potassium 
actually increased calcium uptake on both soils when sodium 
was added, although possibly not significantly on the Harp-
ater soil. On the Harpster soil sodium and potassium were 
equally able to suppress calcium uptake ^'jhen applied alone 
but v/hen supplied together they were no more effective than 
when supplied alone. 
Sodium and potassium appear about equally able to de­
press magnesium uptake on the Carrington soil. The results 
are quite different for the Harpater soil. Godiura does not 
appear able to affect the magnesium content of any potassium 
level, although potassium was effective at all sodium rates. 
Oats. Sodium increased the sodium content at all 
rates of potassium although to a much less extent when potas­
sium was added. As in beets the sodium uptake in the oats grown 
in the check pot was much greater from the Carrington soil than 
from the Harpster soil and the reverse was true for potassium. 
The sodium and potassium totals for a given treatment are 
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roughly equal for the two soils. Sodium slightly decreased 
the potassium content on the Oarrington soil at the 1 K and 
2 K rate but not when no potassium was added. Sodi\im slightly 
decreased the percent potassium when no K was added and at the 
1 K level in the Harpster soil but not at the 3 K level. So­
dium was less able to depress potassium uptake on the oats as 
compared v;ith the beets. 
On both soils sodium and potassium were about equally 
capable of depressing calcium uptake at all rates and com-
bina.tions of ro.tes. The amounts of calcium found in the plant 
was about equal for any treatment on both soils. 
Magnesium uptake was depressed by sodium and potassium 
on both soils. Although sodium and potassium were about 
equally able to depress magnesium uptake the higher rates 
and combinations were more effective than the single rates. 
The amounts of magnesium absorbed were about the same on the 
two soils for any one treatment. 
It was also decided to analyze mature oat grain from 
selected treatments to see if the treatments were able to 
materially affect the composition. The results are shown in 
Table 12. It is seen that the sodium content of the grain 
was increased when sodium was added to the soil, however, the 
amounts present in the grain are very small and of an insig­
nificant nature. The potassium contents are not affected. 
Calcium is materially lowered on the Oarrington soil although 
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not greatly affected on the Harpster soil. The magnesium 
content is relatively unaffected. 
Corn. Sodiuin had little effect on the uptake of 
any cations and was not absorbed itself in concentrations 
greater than 1 M.E. per 100 grams. Curiously enough even 
though sodium was not absorbed it did seem to have a slight 
effect on the uptake of potassium when no potassium was added. 
Although the actual increase was not large the percentage in­
crease was about 30 percent. Potassium additions lowered the 
uptake of both calcium and magnesium. The corn grown on the 
Carrington soil absorbed slightly less calcium and signifi­
cantly less magnesium than did the corn grown on the Harpster 
soil. 
Discussion 
The amount of response which one can expect from sodium 
fertilization depends on the crop and the available potassium 
supply of the soil as well as the available sodium supply. An 
example of the effect of the crop and the available sodium and 
potassium in the soil is presented in Table 13. This very 
clearly shows that when the available potassium supply was low, 
sodium additions gave large increases in yields of beets and 
flax, medium increases of oats and no increase in yield of 
corn, Vihen the same crops were grown with the same sodium 
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Table 13. The Response of Four Crops to Sodium 
Fertilization at Three Potassium Levels 
in the Carrington Loam (F36l).^ 
Increased yields from Wa {%) 
OroD Wo K 1 K 2 K 
Beet, Roots 346 173 100 
Flax, Grain 246 
-7 -3 
Oat, Grain 55 8 -3 
Corn (Entire Plant) 4 8 4 
^Sodium applied was equal to 88.4 lbs. of Ka per 
2,000,000 lbs. soil; No K, 1 K and 2 K are equal 
to 0, 75, and 150 pounds K added per 2,000,000 
pounds soil. 
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additions plus uniform applications of potassium, a moderate 
increase due to sodium was found for beets, and little if siny 
increase for flax, oats and corn. The order of response to 
sodium of the four crops studied is beets, flax, oats end 
com. 
It seema almost certain that sodium serves some function 
in the nutrition of beets not performed by potassium. Proof 
for this lies in the fact that little additional growth was 
obtained when the potassium level was raised from 1 K to 2 K; 
yet when sodium was added in addition to potassium large in­
creases in yields Vv'ere obtained. Generally when sodium was 
applied in addition to potassium, the potassium uptake was 
lowered, yet yields were increased. The increased yields of 
beets when sodium v/as applied was then probably due to sodium 
performing functions which sodium alone could perform and to 
possible substitutions for some of the potassium needs of the 
plant. 
It is difficult to say what the function or functions of 
sodium are in the flax plant. Flax was grown on four soils 
during 1947 and 1948. The yield results on two soils indicate 
that sodium was beneficial in the presence of an optimum 
supply of potassium. Sodium was able to replace a part of the 
potaasiumi needs of the plants when potassium was deficient. 
Results on a third aoil show that sodium is able to partially 
replace potassium but has no benefit in the presence of an 
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optimum supply of potassium. The fourth soil gave no responses 
to either sodium or potassium. The two soils whioh responded 
to sodium in the presence of large amounts of potassium con­
tained less replaceable sodium than did the other soils. It 
is possible that the latter contained enough available sodium 
to supply the needs of the plant without further additions. 
The evidence, hovjever, is not conclusive that the highest po­
tassium levels had supplied the plant with optimum amounts 
of potassium. 
The data for oats are not conclusive aa to vfhether sodium 
has a separate function from potassium. They do show, however, 
that sodium ca.n replace a part or all of the additional po­
tassium needed by the oats under the conditions studied. 
It can not be overlooked that sodium, like potassium, 
depresses calcium a.nd magnesium uptake by plants that a.b8orb 
sodiiim and in this way may be of value in increasing growth. 
Corn did not respond to sodium under any of the condi­
tions studied; this is no doubt due to its inability to absorb 
this element. 
In assessing potassium needs of soils for certain crops 
it appears that a consideration of the available sodium supply 
as well as available potassium supply is of value. Table 14 
shows the response of oats and flax to potassium at three 
levels of sodium in the soil. This clearly shows that much 
less response was obtained to potassium fertilization when 
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Table 14. The Response of Flax and Oats to Po-
tasaliim Fertilization at Different 
Levels of Sodium in the Soil.^ 
Flax Grain Oat Grain 
Level Oarrington (F361) Oarrington (F36l) 
of Na IK 2 K IK 2 K 
Increase in Yield in Grams per Pot 
0 Na 1.51 2.36 7.8 9.4 
1 Ka 1.14 2.22 2.7 4.2 
2 Na 0.07 0.98 3.1 2.0 
^0 Na, 1 Ma, and 2 Na are equal to 0, 44.2, and 
88.4 lbs. of sodium applied per 2,000,000 lbs. 
soil respectively; 1 K and 2 K are equal to 75 
and 150 lbs. potassium applied per 2,000,000 
lbs. soil. 
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the sodium level of the soil was raised. 
It is difficult to explain why the plants responded so 
differently to sodium and potassium fertilization on the 
Oarrington and Harpster soils used in 1948. The beets, oats 
and Flax v;ere much more responsive to sodium and potassium 
fertilization on the Carrington soil than on the Harpster soil. 
As was previously "brought out the Oarrington soil contained 
0.09 and 0.22 M.E. per 100 grams of replaceable sodium and 
potassium, respectively, v;hile the Harpster soil contained 
0.07 M.E. replaceable sodium and 0.19 M.E. replaceable po­
tassium. It is probable, however, that the greater responses 
to sodium and potassium, fertilization on the Oarrington soil 
lie in its inability to release potassium from nonreplaoeable 
forms rapidly enough to supply the plant needs. Although all 
plant parts were not analyzed, an estimation of the amounts of 
potassium taken up by oats and flax can be obtained from 
Beeson's (6) and Morrison's (41) values. Values for potassium 
contents of the aerial portions of corn and beets have been 
reported previously in this paper. By calculating the total 
uptake of potassium per pot from the yields and known and 
estimated potassium composition values of flax and oats, it 
can be shown that the total uptake is about forty to seventy 
percent of the original replaceable potassium. Further evi­
dence that the rate of release vms an important factor lies 
in the fact that the oats and flax showed no visual dif­
ferences in growth between treatments until they were of 
considerable size. 
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No direct comparisons of the ability of Harpster and 
Oarrington soils to release potassium and sodium have been 
made. A sample of Oarrington soil from the surface horizon 
(P-114-1) taken from the same farm as was the soil used (F361) 
in the greenhouse showed little potassium release but consider­
able sodium. Lawton (35) also found that Oarrington soils re­
lease only small amounts of potassium. Aiiavmy and Pierre (l) 
found Harpster soils could release significant amounts of po­
tassium. 
The rate of release was not important for coi'n since this 
crop took up about ten percent of the original replaceable 
potassium and grew a much shorter period of time. Release 
is not as great a factor when small amounts of potaBsiuni are 
removed over a short period of time. The larger response of 
corn on the Harpster soil may be related to the greater com­
petitive effects of calcium and magnesium on potassium ab­
sorption. It is not suggested that similar reasoning on the 
release of potassium in the field would apply to differences 
in response of oats, flax, and beets as compared to corn 
because corn in the field would be grora to maturity over a 
longer period of time. 
Beets gave large responses to sodium and potassium on both 
the Harpster and Oarrington soils. The poorer growth on the 
Oarrington soil may hsive been due to effects caused by a rather 
low soil pH. 
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Table 15 gives briefly a comparison of the effect of so­
dium and potassium additions to the soil on the uptake of so­
dium, potassium, calcium and magnesium by beets, oats and corn. 
Sodium additions to the soil had a marked effect on the uptake 
of sodium by beets and oats. Sodium increased the sodium con­
tent of beets more than of oats when no potassium was added, 
^'^hen large amounts of potassium v/ere added the depression in 
the sodium uptake was greater for oats than beets. The capacity 
of beets to absorb large amounts of sodium in the presence of 
lar^e amounts of ava'ila.ble potassium in the soil and in the 
plant, no doubt accounts in part for the response of beets to 
sodium when potassium levels in the soil are high. Likewise 
the moderate amounts of sodium taken up by oats when high 
levels of potassium are present aid in explaining why little 
sodium response is obtained under such conditions. 
Sodium additions to the soil when no potassium was added 
had no effect on potassium contents of beets and oats on the 
Oarrington soil but decreased potassium in these plants on the 
Harpster soil. When large amounts of potassium v/ere present 
in the soil, sodium decreased the potassium content of oats 
and beets grown on the Oarrington soil but had little effect 
in oats and beets grown on the Harpster soil. It appears that 
if the potassium in the plant is low and sodium high, additions 
of more sodium have little effect because the maximum de­
pressing action has already resulted. On the other hand if po-
Table 15. The Effect of Sodium and Potassium Additions to the Soil on the 
Percent Change in the Sodium, Potassium, Calcium, and Magnesium 
Contents of Beets, Oats, and Corn.^ 
Soil Garrington Loam (F361) Harpster Silt Loam (F362) 
Treatment^ ira K Ca MET Na K Ca 
BEETS 
2 Na 106 2 -53 -24 282 -30 -16 2 
2 K -35 511 -17 -30 3 69 -16 -10 
2 Na+ 2 K 89 300 -21 -35 287 61 -13 -23 
OATS 
2 Ifa 52 -3 -30 -18 142 -13 -26 -37 
2 K -63 188 -28 -40 -90 67 -26 -38 
2 Na+ 2 K -49 158 -36 -43 13 79 -32 -46 
% CORff •2 
2 Na O 21 1 7 o 30 4 2 
2 K 121 -15 -34 139 -19 -20 
2 lia+ 2 E 129 -19 -25 135 -20 -21 
^Cation contents of plants grown on untreated soil based as 100 
^ 2 Ha equals 88.4 lbs. Ha per 2,000,000 lbs. soil; 2 K equals 150 lbs. K 
per 2,000,000 lbs. soil 
^Absorbed in quantities less than 1 M.S. per 100 grams dry matter 
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tassium in the plant is high and sodium low, additions of so-
diixm ?J111 not depress potassiutn a.bsorption unless very large 
amounts of sodium are added. 
Sodium additions to the soil increased the potassium con­
tent of corn in both soils even though it v/as not absorbed it­
self. An analysis of the roots would be neoeseary to deter­
mine if an actual total increase in potassium occurred. 
Potassium greatly increased the potassium content of 
beets, oats end corn on both soils. The amounts of potassium 
increase in oats and beets vjere much greater when grown on the 
Carrington soil than on Harpster soil. The increase in po­
tassium content when potassium was applied was about equal on 
both soils when corn vnas grown. The greater increased growth 
of oats and beets v;hen potassium -was applied to the Oarrington 
soil as compared to the Harpster soil is then related to the 
greater increased potassium uptake. 
Table 16 shows the sodium, potassium and sodium plus po­
tassium values contained in beets and oats grovm on two soils 
fertilized with sodium ond potassium. Although the amounts of 
sodium and potassium vary, the total sodium plus potassium 
contained in the plant is nearly constant when a given treat­
ment is compared on the Carrington and Harpster soils for 
either oats or beets. It appears that under any soil condition 
the total sodium plus potassium in oats and beets is constant 
but the proportion of each varies with the availability of 
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Table 16. The Sodium, Potassium and Sodium Plus Po­
tassium Contents of r3eets snd Oats Grown 
on Two Soils, 
I Carrington Loam (F36l) Harpster Silt Loam (F363) 
Treatment^ Na K Na+K Na K Na-<-K 
M.E. -per 100 Grams Dry Matter 
Beet Foliage 
Check 78 18 96 30 64 94 
1 Wa 123 17 140 79 47 126 
2 Ma 161 18 179 116 44 160 
1 K 62 56 118 26 83 109 
1 Na+1 K 110 43 153 68 88 156 
2 Na+1 K 152 42 194 130 68 198 
2 K 50 i07 157 31 108 139 
1 Na + 2 K 105 68 173 74 94 168 
2 Na + 2 K 147 72 219 112 103 215 
Oat Foliage 
Check 81 36 117 32 64 96 
1 Na 96 31 127 65 59 124 
2 Na 123 35 158 78 56 134 
1 K 42 102 144 19 105 124 
1 Na+ 1 K 59 81 140 40 88 128 
2 Na + 1 K 59 88 147 53 90 143 
2 K 30 110 140 17 106 123 
1 No + 2 K 47 80 127 32 108 140 
2 Na+2 K 41 93 134 36 114 150 
^ 1 Wa and 3 Na equal 44.2" and 88.4 lbs, sodium per 2,000,000 
lbs. soil, respectively; 1 K and 2 K equal 75 and 150 lbs, 
potassium per acre, respectively. 
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3odium and potassium in the soil. Table 17 Bhows the corela-
tion coefficients for Na, K, Na-i-K, CajhMg, a.nd Oa+Mg contained 
K Na+K 
in the plant versus the yields of oats and beets. On both the 
Oarrington and Harpster soils the Na-K values versus yield 
gave the best corelation of any of the comparisons made for 
beets. Na4-K values versus yield also gave the best corelation 
when oats were groim on the Harpster soil, although possibly 
not significantly better than some others. The data shows 
that either sodium or potassium contents versus yield gave 
poor corelations vdth yield of beets and sodium versus yield 
gave a poor corelation when oats were grown. Potassium and 
Ca^-Mg versus yield showed good corelations when oats were 
K 
grown on both soils. 
The competitive power of the cations in beets, oats, and 
corn when sodium and potassium v;ere added to the soil is 
summarized in Table 18. In most oases sodium additions to 
the soil had a greater relative effect on calcium absorption 
than magnesium whereas potassium caused a greater relative 
depression on magnesium than calcium. Potassium had a greater 
depressive effect on sodium than sodium had on potassium. 
Oombined additions of potassium and aodiura additions to the 
soil caused a greater depression of magnesium than calcium 
although the differences are small. The order of decreasing 
competitive power may be summarized thus: K - Ga > Mg when 
V 
Na - Mg > Oa 
Table 17. The Corelation Coefficients of Yields Versus 
Plant Composition in Beets and Oata Grovm 
on Two Soils. 
File 
No. Soil 
Yield Yield Yield Yield vs. Yield vs. 
vs. VB. VS. Oa+Mg Oa>Mg 
Ma K Ha^-K K Na+K 
F361 Carrington Loam 
F362 Harpster Silt Loam 
F361 Carrington Loam 
F362 Harpster Silt Loam 
Beet Roots 
0.73 0.24 0.91 -0.82 
0.46 0.46 0.93 -0.50 
Oat Grain 
0.54 0.76 0.76 -0.88 






Table 18. The Effect of Sodium and Potasaium Chloride 
Additions to the Soil on the Relative Change 
in Uptake of C^tionB as Compared rath the 
Check in Beets, Oats, and Corn. 
Soil 
Treatment-^ Beets Oats Com 
r8 Carrington Loam (F361) 2 Na Oa>Mg>K Oa> Mg> K K' 
K Ha> Mg> Ca Na> Mg > Ca Mg> Ca 
2 Na 3 K Mg > Ca Mg > Ca Mg > Ca 
Harpster Silt Loam (F362) 
2 IJa K> Oa> Mg Mg > Oa> K 
2 K Ca > Mg > Na Na> Mg >• Ca Mg > Ca 
2 Na + 2 K Mg > Ca Mg > Ca Mg > Ca 
1 2 Na equals 88.4 pounds 
2 K equals 150 pounds K 
No effect on oaloium and 
Na per 2,000,000 pounds soil; 
per 2,000,000 pounds soil, 
magnesium. 
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Bodiura or potassium was added to the soil. 
The effect of sodium and potassium additions to the soil 
on the sucrose content of sugar beets have been studied many 
times and both positive and negative results have been ob­
tained, It is believed, hov^rever, that this study presents the 
most consistent data on the effect of sodium and potassium 
additions to the soil in increasing sugar percentages in sugar 
beets. It is evident too that increased sugar content may 
result where there are no increases in the yield of beets. 
It is not known for certain just what caused the signifi­
cant increases in sucrose content of the beet. Three of the 
four fields were sidedressed vdth ammonium nitrate fertilizer 
and it has been reported that high nitrate contents of the soil 
will reduce the sugar percentages in sugar beets. It has also 
been reported (8-5) that chlorides will reduce the uptake of 
nitrates. It then seems possible that the plots receiving 
large amounts of ohlorides with the sodium and potassium ferti­
lizers actually reduced nitrate uptake and consequently in­
creased the sugar percentages. 
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GENERAL DISCUSSION 
The amounts of replaceable sodium and potassium in Iowa 
soils vary greatly as shown in Tables 1 and 2. Replaceable 
sodium values for the surface horizon ranged from 0.03 to 0.27 
M.E. per 100 grams of soil. As much as 2 M.E. per 100 grams 
was contained in the B horizon of an Edina profile. Moreover, 
X the crop response data obtained in this investigation clearly 
shov;s that spdium can play an important role in determining 
the response that can be expected from potassium fertiliza­
tion. It is evident then that a consideration of the avail­
able 3odi\im supply in the soil v/ill aid in predicting the po­
tassium fertilizer needs of certain crops. 
Field data in Iowa show that the critical level of re­
placeable potassium below which responses to potassium ferti­
lization can be expected is higher for corn than oats. The 
lower critical level of replaceable potassium for oats is 
probably due in part to the ability of oats to substitute so­
dium for a part of its potassium needs. Although field data 
are not available it seems probable that beet and flax act 
similarly to oats in the field. B'ield data also show that red 
clover does not require as much replaceable potassium in soils 
as does corn for maximum growth. As red clover absorbs mod­
erate amounts of sodium, it too may be able to substitute so­
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dium for a part of its potassium needs, 
"Very large amounts of replaceable sodium exist in the 
B horizon of soils with marked clay accumulations (Tables 
3 and 3). These concentrations of sodium are probably the 
result of an accumulation due to restricted water movement. 
Sodium concentrations in these amounts may contribute to dis­
persing the clay and thus increase the impervious condition 
of the B horizon. 
Laboratory incubation studies demonstrated that more 
sodium was released during 360 days incubation than was pres­
ent originally in the replaceable form in the soil. Although 
the release of sodium in the field is probably not as rapid 
as under laboratory conditions, it appears that the release 
during a cropping season may be a significant percentage of 
the total replaceable sodium. Calculations based on a large 
number of sodium analyses (6) and on average Iowa oat yields 
show that approximately fifteen to twenty pounds of sodium 
per acre are contained in the above ground portion of an oat 
crop. Since most Iowa soils contain from forty to sixty 
pounds of replRceable sodium per acre six inches, the amounts 
absorbed by an oat crop are a significant portion of the orig­
inal replaceable sodium. The work of Stauffer (56) indicates 
that sodium is leached from the soil rather rapidly. Thus the 
available sodium during a cropping season may depend in part 
-104-
on the rates of release. 
Crops vary in their capacity to benefit from sodium 
fertilization as was demonstrated in this study and in others 
(14, 25). Beets were found to respond very greatly to sodium 
applications to the soil both when available potassium was 
deficient and when in plentiful supply. Oats and flax can 
respond to sodium fertilization when available potassium is 
deficient but little if any response can be expected when 
available potassium is optimum. No response to sodium ferti­
lization was obtained with corn. Harmer and Benne (26) and 
Wallace et al. (63) have suggested that crops respond to so­
dium fertilization in the same order aa the amounts which they 
are able to absorb. Such is the case in this study v^-hen the 
comparisons are made on yield increases and sodium contents 
of beets, oats, and corn grov/n on treatments of adequate 
available sodium supplies. However, at very low levels of 
replaceable sodium, beets and oats absorbed near equal amounts 
of sodium. Thus any prediction of a crop's ability to re­
spond to sodium fertilisation based on the amounts they are 
able to absorb must take into account the amount of replace­
able sodium in the soil. 
Plant composition studies showed that young oat and 
beet plants contain sodium equal to about twenty-five per­
cent of the total bases in the plant. Replaceable sodium is 
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contained in amounts of less than one percent of the replace­
able bases in the surface horizon of most lov/a soils. Crops 
suoh as sugar beets may contain an even larger amount of so­
dium. It thus seems that the replaceable sodium in Io^va soils 
is very available to crops which absorb sodium and that these 
crops have a very effective selective mechanism for sodium. 
On the other hand corn is capable of excluding sodium. 
Not enough data are available in Iowa to determine wheth­
er direct sodium applications to the soil can increase crop 
growth under field conditions. Sugar beet yields were not 
greatly increased by sodiuiTi applications altho\jigh the sugar 
percentages were very significantly increased. The soils 
chosen for these studies had relatively large amounts of re­
placeable sodium and potassium. Sugar beets grown on soils 
of low replaceable sodium and potassium levels would certainly 
give responses to sodium. Oats do not usually give much re­
sponse to potassium fertilization in Iowa which indicates that 
oats vcould not respond to sodium either. Few data are 
a.vailable on the response of flax to potassium fertilization 
in Iowa. Oats and flax growing on soils with very low re­
placeable sodium and potassium levels, however, may respond 
to sodium applications. 
It seems likely that the sodium present as impurities 
in many mixed and low grade potash fertilizers has some value 
when crops which utilize sodium are grown. 
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SUMMARY 
The importance of sodium in soil fertility studies has 
received little attention, particularly under midwestern 
crop and soil conditions. A study was started to investigate 
the release of sodium from nonreplaceable to replaceable forms 
in Iowa soils and the response of crops to sodiuiti fertiliza­
tion. Considerable evidence is available concerning the re­
lease of potassium from nonreplaceable to replaceable forms 
in soils but no data have been published on sodium release. 
Since the response of crops to sodium fertilization is re­
lated to the available potassium supply of the soil, potas­
sium was included in these studies. 
A large number of soil samples were analyzed for re­
placeable sodium and potassiuqi. In addition soil samples 
from three horizons of thirteen soil profiles vjere selected 
for sodium and potassium release studies. The samples were 
hydrogen saturated and incubated at moisture contents near 
the field capacity at room temperatures. Samples were re­
moved from the incubation chambers at intervals of 60, 180, 
and 360 days and analyzed for replaceable sodium and potas­
sium. Another phase of the investigation involved field 
and greenhouse studies of the reciprocal effects of sodium 
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and potassium fertilization on the yield and compoeition of 
crops. Results of this investigation may be suinmaTized thus: 
1. The einounts of replaceable sodium in the surface hori-
aon of the Iowa soils studied range from 0.03 to 0.37 M.IS, per 
100 grams of soil. Much larger amounts were present in the 
B horizon of soils containing horizons of marked clay accumu­
lation. Most Iowa soils contain considerably less replaceable 
sodium than replaceable potassium. An average of the soils 
studied shows approxiu.ately three times as much replaceable 
potassium as sodium present. 
2. Sodium release is characterized by a rapid rate of 
release during the first sixty days of incubation with some-
v/hat slower rates after that time. In contrast large amounts 
of potassium vjere released during the drying period following 
removal of all replaceable bases. A rather slow potassium 
release -was evident after the release due to drying. 
3. It is believed that differences in type of release 
between sodium azid potassium are due to differences in the 
types of minerals contaiuing these two elements. Sodium re­
lease probably is due to a weathering of a feldspar type 
mineral whereas potassium release is from feldspars and 
mica-like minerals. 
4. On an average more sodium was released during 360 
days of incubation than potassium. No consistent relation 
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between the amounts of sodium released and the horizon of 
the soil is evident. In nearly p.ii cases more potassium was 
released from the A horizon than from lower horizons. No good 
relation between sodium and potassium release was found. 
5. Accumulation of sodium in the B horizon of soils 
showing considerable clay accumulations is not due to high 
rates of release. 
6. Sugar beet yields were increased by sodium and po­
tassium chloride fertilization during 1947 oiid 1948 by an 
average of eibout 800 pounds per acre. Sodium plus p otassium 
additions gave increases of 1200 to 1600 pounds per acre. 
The sugar content of the beets wes increased by both sodium 
and potassium chloride additions to the soil on an average of 
0.6 percent. The total increase in sugar yields in 1948 was 
360 pounds per acre. These field trials were conducted on 
soils containing approximately 0.40 and 0.15 M.E. per 100 
grams of replaceable sodium and potassium reapeotively per 
acre. 
7. The order of response to sodium of crops grown in the 
greenhouse was beets > flax > oats > corn. Garden beets re­
sponded to sodium in the presence of optimum supplies of avail­
able potassium whereas flax and oats appeared to respond only 
when potassium was deficient. Corn did not respond to sodium 
under any of the conditions studied. The beets, oats, and 
corn were found to respond to sodium in the same order as the 
amounts of sodium they were able to absorb when grown on 
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aoils with adequate available sodium supplies. 
8. The response of sodium absorbing crops to potassium 
fertilization depends in part on the amount of available so­
dium in the soil and to rate of release. 
9. Correlation coefficients of yields versus sodium, 
potassium, and sodium plus potassium contents of the foliage 
of beets and oats were determined. In beets much better cor­
relations between yields versus sodium plus potassium values 
were obtained than for yields versus sodium or potassium 
values alone. Yields of oats versus sodium plus potassium 
values gave better correlations than yields versus potassium 
on one soil but the same comparisons gave equal correlHtions 
on the other soil. It appears that over a wide range of 
conditions yields versus sodium plus potassium may give the 
best correlations T.-hen sodium absorbing crops are grown. 
10. The amounts of sodium and potassium absorbed by beeta, 
oats and corn varied greatly betvjeen soils and soil treat­
ments. The total of sodi\im and potassium absorbed was ap­
proximately equal when like treatments on different soils v/ere 
compared for either oats or beets. The sodium content of 
beets when grov/n on a Carrington soil varied between 50 and 
161 M.E, per ICQ grams whereas potassium varied between 17 
and 107 M.E. per 100 grams. The sodium content of oats when 
grov/n on a Carrington soil varied between 30 and 123 M.E. 
whereas potassium varied between 31 and 110 M.E. per 100 
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grams. In oats 30dium comprised about 25 percent of the 
total bases v.hereas in beets aodium made up about fifteen to 
t-wenty percent of the total bRses. In contrast replaceable 
sodium was contained as loss than one percent of the total 
replaceable br;ses in the soils studied. 
11. Sodium additions to the soil had a greater depressing 
effect on absorption of calcium than magnesium ?;lierea8 po-
•^^assium additions had a greater effect on magneaium than oal-
oiura. Potassium showed a greater depression on eodium uptake 
than sodium on potassium. Combined additions of potassium 
and aodium depressed magnesium uptake more thsn calcium, 
although the differences were not large. 
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